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Foreword 



Highereducationinstitutionsareon a collision coursewith their clients. The reality of the nation's 
economic problems has washed over colleges and universities in a sobering wave of financial 
cutbacks. While the worst seems to be behind us, our optimism must be tempered by an 
extraordinary array ofcompetingdemandsforpublicsupport. As much aspoliticians voice support 
forthe value of education, other pressing issues like health care, infrastructure, and envi ronmental 
cleanup may capture what few new dollars are available. 

Declining public support, however, has not meant declining demand. An ever-anxious middle 
class continues to seek higher education as an antidote to falling wages in low-skill jobs. 
Meanwhile, institutions struggle to meet their current commitments to "quality." Citing a long 
tradition, a structure built around bricks and mortar and a labor-intensive production process, 
institutions face what on the surface appears to be a difficult choice: Cut access or lower quality. 

It is an artificial choice, however. "Doing less with less" is a prescription for irrelevance. If higher 
education adopts this strategy, it will end the decade a smaller and less socially relevant institution. 
Our clients — whether they be students or employers or taxpayers — will voice their anger in 
destructive ways. 

Like the corporate sector, our only responsible alternative is to "do more with less" by 
restructuring our enterprise. This means rethinking our assumptions about delivery systems, 
curriculum, organizational structures, and the mix of technology and personnel. It means virtual ly 
turningthe enterprise on its head to find a better, cheaper, more effective way todeliver education, 
service, and research products. 

Technology continuesto hold the key to much of thistransformation. We longfor the equivalent 
of the "automatic teller machine" in higher education — a cheaper, better, and more reliable 
delivery system. We do not need learning technology to be as good as current classroom 
instruction, but far better. However, we do not need technology which adds to our financial 
dilemma. Unfortunately, much of what we have done to date has added to our problems — 
expanding our reach certainly, but increasing our costs. The productivity challenge of the next 
decade and beyond will be to expand access while downsizing both the number of personnel and 
the configuration of the physical plant. 

The challenge will also be to make a direct impact on student learning. This meanstransforming 
the role of faculty from "sage on the stage" to facilitator of a learner-centered, technology-based 
educational process. 

The ideal of "anytime, anyplace" education also suggests a dramatic new conception of the 
college campus, if education can take place in the residence hall, the off-campus apartment, the 
home, orthe workplace, it requires significantly different kinds of capital investment. In the process 
we will also, no doubt, transform our governance structures, our assessment tools, and our 
relationships with clients. 

Organizations like CAUSE, whose members are the experts in information and computing 
technology, will find themselves thrust into the center of the higher education restructuring 
movement. Those of us in the public policy arena who are searching for ways out of our dilemma 
await your revolution. 

lames R. Mingle 
Executive Director 
State Higher Education Executive Officers 
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Preface 



Although change is inevitable, it is always accompan ied by 
uncertainty. The advent of changes in digital technology 
offers significant opportunities to advance the quality of the 
educational experience for students and faculty. Technology 
will never replace those qualities of commitment, intelli- 
gence, and integrity that are central to maintaining the 
vitality of the university. However, it can serve as a vehicle 
to expand our reach. 1 

Itisn'tclearwhat Aristotle would have done to "reengineer" 
his teaching process had he access to today's digital tech- 
nologies, but it might wel! have been something along the 
lines discussed by my colleagues in the essays that follow. 

A voice from the sheltered groves of the research univer- 
sity, Richard Katz tells us that theentrepreneurship charac- 
teristic, of sponsored research and the German research 
university model makes bold institutional reengineering 
efforts difficult. He surmises ;hat while research universities' 
i nvestments in the i nformation technology i nf rastructure will 
create the context for reengineering teaching and learning, 
major progress will be paced by the faculty reward system 
and by efforts to achieve a new equilibrium between re- 
search, instruction, and service. 

We have a view from a liberal arts i nstitution that suggests 
that their version of Camelot is one that should be tampered 
with only with great care and at significant risk. Drawing on 
his experiences at Hamilton College, David Smallen ob- 
serves that liberal arts institutions have worked to maintain 
the residential nature ofthe student body and small classsize 
that have been the hallmark of lecture and credit-for-con- 
tart— change should be attempted on the effectiveness di- 
mension only. 

A community college view expressed here is that the 
winds of change have already been harnessed by the wind- 
mills of two-year schools. Many of the teaching/learning 
issues that are new to other institutions have already been 
addressed by many community colleges in their continuing 
effortsto efficiently cope with a heterogeneous, non-resident 
student body. Ronald Bleed argues that with what has always 
been their primary, if not singular, focus on learning, many 
ofthe lessons of reengineering le .rned by institutions such as 
the Maricopa Comm jnityColIegesare valuable for study by 
other institutional tv;jes. 



The significant impact of state budget-cutting on compre- 
hensive institutions has engendered something near crisis, 
especially in statewide systems such as the California State 
University. Tom West and Steve Daigle draw on their expe- 
riences at CSU to suggest that survival of urban and suburban 
"mat!" institutions may depend, in large extent, on changing 
the teaching/learning paradigm, focusing on changing the 
institution along the efficiency dimension. 

As with any open discussion, there are more than a few 
views ofthe "appropriate" course of action. Having com- 
pleted the essays tfvs comprise the main body of this paper, 
we shared them with several other practitioners who have 
been active in the field and solicited their comments. 

In her commentary, Carol Twigg takes the authors to task 
for ignoring the fiscal realities of our current condition. She 
points out the importance of making a clear case that the 
benefits of technology will outweigh the costs. 

Thomas Moberg offers several examples of how informa- 
tion technology is changing teaching and learning in the 
liberal arts college, based on his experience as both a faculty 
member and an administrator at liberal arts colleges. He 
strikes an optimistic note regarding the opportunities for 
improving the quality ofthe learning experience. 

For her part, Polley McClure thinks many of our efforts to 
"reengineer" teaching and learning will meet with limited 
success because instruction is the personal creative work of 
an individual teacher. In many ways, she says, higher educa- 
tion already has achieved the status of an empowered 
workforce in a "flat" organization. 

And, finally, Don Doucrtte makes the clear distinction 
between doing things differently and doing different things, 
arguing that just "tinkering" with the current paradigm is 
insufficient for the task that lies ahead of us. 

Given the heterogeneity and diversity in our system of 
higher education, we shouldn't be surprised that there are 
many views of how reengineeringshould be pursued. Given 
the highly differentiated mission statements of our various 
institutional types, anythi ng less would be a disservice to the 
society they serve. 

Robert C. Heterick, lr. 
February 1993 



1 Report of (ho University Task Force on (he Impact of Digital 
Technology in the Classroom Environment (Blocksburg, Va.: Vir- 
ginia Tech. 1989). 
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Introduction: 

Reengineering Teaching and Learning 

by Robert C Heterick, Jr. 



At least since Aristotle's peripatetic garden discourse with 
hisstudents, lecture has been the principal delivery mode for 
instruction. 

The overwhelmingly dominant model of instruction 
in Ameriran university education, especially at the 
undergraduate level, is credit-for-contact. In this 
model, the student's progress and the faculty member's 
instructional contribution are measured by hours of 
contact in lecture hall, seminar room, or laboratory. 1 
Perhaps for the first time since Aristotle, certainly for the first 
time since Gutenberg's invention of movable type, we have 
the opportunity and the technology that will permit us to 
break with the credit-for-contact model and consider alter- 
natives to lecture as a delivery mode. There are those who 
subscribe to the Mario Andretti school of change, "If every- 
thing is under control, you are goingtoo slow." Forthem, the 
occasion of the emerging digital technology isreason enough 
to change. A more moderate course of action follows the first 
law of wing walking, "Never let go of what you have hold of, 
until you have hold of something else." Such moderates will 
ask for something more than anecdotal evidence that a 
dramatic shiftto digital technology will significantly improve 
either the efficiency or the effectiveness of teaching and 
learning. Andfinally, there are those whofollow thefirstlaw 
of engineering, "If it ain't broke, don't fix it." For the educa- 
tional conservatives it will first be necessary to demonstrate 
that some, or all, of our current approach is, in fact, broken. 

Is it broken? 

Institutions of higher education are extraordinarily labor 
intensive. For many of our institutions, 80 percent or more of 
the operations budget is allocated to personal services. For at 
least a decade, the cost of personal services has been rising 



at a bout 8 percent per year and the increase in faculty salaries 
has consistently outpaced the Consumer Price Index. The 
consequence has been tuition increases that have about 
doubled the rise in the CPI . The current recession has further 
exacerbated this trend with double digit tuition increases 
promising to double tuition costs between 1 990 and 1 997 at 
many public institutions. 

Slowly and insidiously student-teacher ratios have been 
creeping upward. Perhaps more disturbing, we have done 
little to ensure that the instruction in larger sections has been 
appropriately supported with a classroom technological 
infrastructure. Faculty frequently lecture to classes of sixty or 
more students without the aid of a microphone, much less 
appropriate projected graphics and course materials de- 
signed for optimum impact in large lecture halls. As more 
institutions chase the research university model we witness 
a slow, but steady, erosion In the average contact hours of 
faculty. At the same time, the demographics of our students 
have changed dramatically. Fewer than half the learners in 
higher education are the traditional 1 8-to-22-year-olds do- 
miciled on or near a residential campus. Increasingly, our 
students will be unable to be either place bound or time 
constrained as assumed in the credit-for-contact model. 

Under the lecture mode/credit-for-contact model, to 
simultaneously contend with the expected infusion of new 
students into our system of higher education and reduce 
average class sizes would require a doubling o'our faculties 
and an expenditure on facilities that is at least as large as our 
current deferred maintenance deficiency. Simple solutions 



1 Report of the University Task Force on the Impact of Digital 
Technology in the Classroom Environment (Blacksburg, Va.: Vir- 
ginia Tech, 1 989), p. 4. This document is also available to CAUSE 
members through the CAUSE Exchange Library as CSD-0079. 
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such as these are not available without massive increases in 
budgets. Nothing in our current economic situation suggests 
that such massive increases in capital and operating budgets 
are possible. Given the changing student demographics, 
such approaches ignore the educational problems of the 
majority of our students. 

We hear equally simple solutions proffered from the 
obverse side of the coin. Why not have faculty assume a 
largerteaching load? While this doesn't address the shortfall 
in appropriate classroom space, would it at least deal with 
the shortfall of faculty? The difficulty comes, of course, in the 
linkage of lecture/credit-for-contact 
with perceptions of quality of teach- 
ing and learning, thereby creating an 
explicit tradeoff between efficiency 
and effectiveness. Particularly in the 
sciences and professions, there isgood 
reason to believe that the effective- 
ness of instruction could suffer no- 
ticeably under i'le current paradigm. 

What we need to do is avoid 
defining the problem so narrowly as 
"having smaller sections" or "increasing faculty contact 
hours," and deal with the real and historic problem — 
improving both the efficiency and effectiveness of teaching 
and learning. Our discourse must not presume the lecture 
mode or the credit-for-contact model. We need also to 
realize that there are trade-offs implicit in choosing effi- 
ciency and effectiveness in any learning model. Looked at 
another way, the problem might be stated as providing the 
most effective learning, most efficiently delivered, consistent 
with the budgets we are likely to receive. 

In this broader context we open all sorts of avenues that 
are not normally part of the discourse surrounclingteaching 
and learning. Large sections are not necessarily bad. Learn- 
ingcan take place without lecture — in fact, without the direct 
participation of faculty— and learning (teaching for that 
matter) need not be confined to a campus classroom but 
could happen in a residence hall, in che office, at home, or 
even in a high school classroom. We should be encouraged 
to design learning environments that are most effective for 
the learner (not all learners necessarily respond best to a 
given delivery or reception mode), that provide sufficient 
efficiencies to permit us to operate within our budget con- 
straints. 

Is there something else to grab hold of? 

Programmed Instruction, Computer Aided Instruction, and 
Computer Managed Instruction were all supposed to revolu- 
tionize teaching and learning in higher education. We have 
had so many panaceas thrown at us overthe last 20 years that 
it seems only reasonable to ask, what's new? For one thing, 
the cost of digital technology at the chip level has been 
decreasing at better than 25 percent per year for the last 
decade. The cost of an entry level personal computer (in 



There is nothing in our technology 
forecasts that suggests that we are 
technologically constrained from 
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terms of tuition) is about the same as the cost of a slide rule 
25 years ago. We thought little about the requirement of a 
slide rule then and we should think as little about the 
requirement of a personal computer now. The operative 
question should be, "What are the likely capabilities of an 
entry level computer during the next five years and how can 
we utilize it to improve learning?" 

Today's entry level machine (less than $1,000) is ca- 
pable of displaying graphics, some jerky video or animation 
sequences, and high quality sound, and can be connected to 
a local area network and through that to the world Internet. 

Sophisticated text processing, draw 
and paint programs, mathematical 
routines, and a host of non-trivial 
applications are available at prices 
comparable to text booKS. If the 
five-year future is anything like the 
five-year past, then 19 c )7 entry level 
machines will be portable KISC 
machines with all the characteris- 
tics of today's Sun or NeXT work- 
stations—perhaps more. Such ma- 
chines will clearly be affordable and incredibly powerful. 

All that sterns lacking is a rich and robust set of 
applications to complement curricular decisions. The time 
and effort required to build one of these applications for a 
whole course is roughly equivalent to that of produc ing a 
new text book. The list of new text books coming to the 
marketplace each month is long and varied. The set of new 
computer-based applications and alternative learning re- 
sources coming to the market could be equally long and 
varied — if there existed a set of incentives commensurate 
with those for producing text books. 

Access to the campus network, to broadt ast and swit( heel 
video, and to the Internet opens the door to a rich set of new 
possibilities. It is easy to imagine contact between students 
and faculty that is neither place nor time bound. In fad, it is 
already happening. Contact between libraries— not just the 
campus library — and students is similarly freed from time 
and place constraints. There is nothing in our technology 
forecasts that suggests that we are technologically con- 
strained from reaching the holy grail of scholarship— any- 
thing, anytime, anywhere. 

Are we going too slow? 

Is getting on the technology bandwagon like surfing? If we 
miss this wave will there be another one along in a few 
minutes? For our research institutions, which are the seed 
bed for most faculty in higher education, the question of 
timing is all important. Of all the types of institutions of higher 
education, research institutions would seem to be the best 
positioned in terms of technology infrastruc ture, budget 
strength, and reward for innovation, to begin the experi- 
ments necessary to define the shape of a reengineered 
teaching and learning paradigm. 

9 
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Unfortunately, militating against aggressively experi- 
menting with teaching and learning is an incentive system 
developed with the research university model. Scholarly 
production, the basis for tenure and promotion decisions, 
has seldom been defined so as to ir'lude improvements to 
the teac hing and learning proces'". At many research univer- 
sities, text hooks are looked upon as second-class scholarly 
output. A new-found interest in undergraduate education on 
the part of many research university presidents offers some 
hope that this situation may change. But, realistically, we 
have to recognize that measures of scholarly production are 
not handed down from university administrations but rather 
are promulgated through the community of scholars. Mea- 
sures of scholarly production are not institutional standards 
but are consensus questions across a profession. 

An equal contributor to the inertia that dampens experi- 
mentation is the lack of appropriate physical surroundings 
within which experiments may be conducted. Few cam- 
puses have classrooms appropriately equipped for "high 
tech" teaching. Nearly all campuses have concentrated their 
energies and resources on creating 
"open laboratories" of personal 
computers and workstations, forc- 
ing students to be constrained by 
both place and time in their use of 
that technology. Even our use of 
broadcast television in distance 
learning is similarly constrained. The 
situation is roughly the same as the 
classrooms of the 1 800s where the student had to go to, and 
queue for, the copy boo!-' owned by the school. We have 
been so taken with the computer qua computerthat we have 
lost sight of its potential in creating or augmenting a learning 
environment. 

Learning in ways that do not depend upon delivery by 
lecture, and/or are not restricted by credit-for-contact, will 
depend upon the existence of a communications infrastruc- 
ture. That communic ations infrastructure must exist at three 
levels. The c ampus itself must be wired with megabit deliv- 
ery to the workspaces in c lassrooms, offices, and residence 
halls. Sine eat most institutionsthe majority of students reside 
in the loc al community, not the residence halls, there needs 
to be a metropolitan area network that extends the campus 
infrastruc ture to students and faculty in the community. And 
finally, there needs to be a national infrastructure that binds 
local learners with distant learning resources. 

While there is still much to be done, we have nonethe- 
less made significant progress in creating the national infra- 
struc ture. NSFNET and the Internet are already delivering on 
the promise of providing a tec hnological plattorm for break- 
ing the lec ture/credit-for-contact mold. Many institutions, 
but not nearly enough, have begun the task of megabit 
del iveryto campus workspaces. The capital costs of creating 
the campus network still seem beyond the reach of too many 
of our institutions. Even so, it is in the domain of the 
metropolitan networks that we are farthest behind. 



The local telephone companies are aggressively pursu- 
ingnarrowband Integrated Digital Services Networks (ISDN) 
in most major metropolitan areas. There is reason to be 
concerned that this effort will become ubiquitous too late 
with too little bandwidth. On the applications side we are 
seeing the development of "freenets" and a number of data 
services, albeit at very low bandwidth, that offer some 
connectivity for electronic mail and bulletin boards. What is 
needed is more aggressive experimentation with higher 
speed, more pervasive metropolitan networks like those 
proposed by the Blacksburg Electronic Village experiment.-' 

Learning is not a spectator sport 

Information technology folk are at the center of the mael- 
strom of change and its accompanying dichotomies. We 
have, for years, been in the business of providing central 
services in a business increasingly dominated by nic he 
markets. We have been the purveyors of a homogeneous 
information service in a technology that is rapidly shifting to 
customized products. We have been 
~~ driven by the search for an elusive 

efficiency in a market that puts in- 
creasing emphasis on flexibility. We 
have been organized to reap econo- 
mies of scale in a field where econo- 
mies of scope are currently favored. 
These dichotomies are a conse- 
quence of trying to apply industrial 
age strategies in the information age. Nowhere are these 
dichotomies more evident than in our approach to teaching 
and learning. 

Ifthereengineering and total quality management move- 
ments are about anything, they are about offering differenti- 
ated servic es. If we place our foc us on the learner we are 
struck by a multiplicity of cognitive styles. Our digital 
technologies offer the opportunity to address each learner in 
a style and at a location with which he or she is most 
comfortable. The hallmark of our bettertea; hing institutions 
has been small class sizes — a convenient, lecture-based 
strategy for offering something approaching an individually 
differentiated learning environment. The optimum must be 
something like the learner and Aristotle on a park bench. 
However, budget constraints have been the proximate cause 
of a creeping inflation in class size. Unfortunately, lecture as 
a delivery mode and credit-for-c ontact as a teaching model 
do not scale well. 

The plethora of digital technologies offers the opportu- 
nity to break the industrial age model of teaching and 
learning and offer a customized service directly to the 



-The Mac kshurg Ele( Ironic Village ts<* < c immunity- wide labo- 
ratory for the development of an ele< Ironic < ommunic at ions m 
work that will allow businesses, town residents, students, and 
teachers to < ommunic ate through a high-bandwidth information 
network. 



If the reengineering and total quality 
management movements are about 
anything, they are about offering 
differentiated services. 
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learner. Our institutions of higher education have been 
amazingly resilient in resisting change. Fortunately, many of 
our academic administrators are coming to recognize that 
the system is either broken or soon 

be. It still remains for them to ^— 



w 

devise reward structures that will en- 
courage faculty to experiment with 
the new technologies to find exten- 
sionsto, or substitutes for, lecture and 
credit-for-contact. 3 The challenge is 
not to substitute one model for an- 
other, but to find many ways for learn- 
ingtotake place without compromis- 
ing quality. We need to avoid trying 
to manage the faculty and concen- 
trate instead on managingthe environment sothat faculty are 
encouraged to experiment as broadly with teaching and 
learning as they do with research. 

Our institutions devoted to undergraduate teaching — 
the liberal arts college, the community college, and the 
comprehensive university— may prove to be the breeding 
ground for the most fertile experimentation with the new 
technologies. For them to do so, they must populate their 
campuses with the technology and overcome fascination 
with the computer qua computer. Ada Augusta, Countess of 
Lovelace, a collaborator with Babbage on the Analytical 
Engine, said it well over a century ago: 

In considering any new subject there is frequently a 
tendency, first to overrate what we find to be interest- 
ing or remarkable, and secondly, by sort of a natural 
reaction, to undervalue the true state of the case. 
The true state of the current case is that our digital 
technologies can be a tremendously liberating force in 
designing learning venues that bring the full set of senses 
(sight, sound, action, interactivity, feedback) to the process. 
If iearning is to become a highly differentiated, anywhere, 
anytime activity it will be necessary to reengineer more than 
just the syllabus, delivery mode, and teaching model. We 
will needtomakethedigital orvirtual library a reality as well. 

Certainly since the Library of Alexandria, the size of a 
library's collection has been a reasonable surrogate for the 
quality of services it offered its patrons. In fact, most indus- 
trial age evaluation strategies are focused on similar mea- 
sures of input. The virtual library requires that acresssupple- 
mentand quickly supersede collection asthe measure of the 
value of the library to the networked learner. Libraries have 
been quk k to make the transition to automated "back office" 
ser vices— primarily the online public access catalog. The 
transition to a rich offering of full text and multi-media has 
not come as rapidly or as painlessly. Automating the "back 
office" didn't require a paradigm shift— disintermediating 
the "front office" (public services) does. 

'Ernest L. Boyer, Scholarship Reconsidered: Priorities' of the 
Professoriate (Princeton N.|.: The Carnegie Foundation for the 
Advant ement of Teaching, 1 991 ). 



We need to avoid trying to manage 
the faculty and concentrate instead 
on managing the environment so that 
faculty are encouraged to experiment 
as broadly with teaching and 
learning as they do with research. 



The problem of re-engineering for libraries is exacer- 
bated by our ambivalence over how best to deal with 
intellectual property rights in the information age. Informa- 
tion in the networked world is not 
^^^^^^^^^^^ a commodity — and commodity- 
based protection schemes for in- 
tellectual property don't seem to 
work well. Librarians are particu- 
larly afflicted with the Law of Wi ng 
Walking. The proper adjustments 
to the reward structure to encour- 
age libraries to move vigorously 
into the virtual library are not obvi- 
ous and are likely to be difficult to 
implement once we do discern 
them. 4 But it is abundantly clearthat manyofthenewmodels 
of teaching and learningthat we will experiment with will be 
very dependent on new models of library service. 

Many of our new education models will feature attenu- 
ated contact between the teacher and the student in formal 
classroom settings. The maintenance of quality will likely 
require new strategies for examinations and assessment- 
assessment of both the student and the instruction. 

The reduction in the intensity of contact between student 
and instructor i n the classroom will create the need to find ad 
hoc, unstructured ways in which this contact can take place. 
While electronic contact between student and teacher will 
be a valuable new strategy, we will need to re-ihink the 
physical layout of the campus and the daily rhythm of 
activities to encourage the continuing physic al contact be- 
tween teacher and learner. We will need to design faculty/ 
student contact strategies for distant learners who may likely 
never set foot on campus. The English tutorial system may 
provide clues asto how this can be accomplished, lust as our 
definition of a student is changing, we may require similar re- 
definition of faculty. 

In one way, this transformation of university instruc- 
tion should increase the requirement for faculty con- 
tact with students. A university is not just a warehouse 
of information and technique to be automated with 
the same eye on a simple "bottom line'' as a ware- 
house of auto parts. A university is a t ommunity of 
scholars. While we can learn much with the aid of 
books, machines, and other devices, we can under- 
stand the life of the mind and the connections be- 
tween its parts only by sharing that life with others, 
espec ially others more experienced or experienced 
in fields other than our own. A genuine university 
education thus must include extensive informal and 
semi-formal personal contact with faculty. 1 



Futurist \() 



4 Harl<in ( leveland, "Information As A Resoun e ( 
(l)eremherl982):.*o-o7. 

r% Hepor\ of the University Task For< e on the Imfuu i oi Digital 
Technology in the ( Utssroom Environment, p. U. 
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The assessment of learning is not a new problem, but the 
infusion of digital technologies into the teaching/learning 
environment will certainly call for new strategies. There has 
been an increasing drumbeat these past few years, particu- 
larly from state legislatures, for more systematic assessment. 
The new technologies are likely to maketeaching even more 
of a team effort between course content specialists, delivery 
experts, and instructional designers. This set of shared re- 
sponsibilities will make assessment even more difficult. The 
highly quantitative, input-based assessment methodologies 
that have been introduced to ddte seem far too simplistic for 
this more complex model.* Strategies for measuring outputs, 
or even agreement on what constitutes appropriate or desir- 
able outputs, are essentially nonexistent and need to be 
developed. 

Learning to live with change 

As we move to break the mold of lecture and credit-for- 
contact, we will be asking our campuses to set aside centu- 
ries-old traditions and techniques in favor of experimenta- 
tion. The experiments are likely to vary significantly among 
liberal arts colleges, community colleges, research universi- 
ties, and comprehensive institutions. Between, and perhaps 
even within, institutions no one model is likely to dominate. 
The tried and true will coexist with the new and experimen- 
tal. ( )ne person's constraints will be another's opportunities. 



'•See ("ami A.Twi««, "Improving ProrJiu'tivity in Higher Educa- 
tion — The Need tor a Paradigm Shift," CAUSE/EFFECT, Summer 



Some segments of our community will focus on the 
effectiveness (quality) issues while others will search for 
efficiency (productivity). Each is likely to be very urn omfort- 
able with the changes that wi II ensue as a consequence of the 
infusion of digital technologies into teaching and learning. 
The part of the educational community interested in effec- 
tiveness will focustheir attention on developing new course 
modules while those interested in efficiency will undertake 
whole courses and radically different teachinj;/learningstrat- 
egies. The former will be attempting incremental changes 
within the current paradigm while the latter will be attempt- 
ing to reengineer teaching and learning with order of magni- 
tude changes in productivity. Both are needed and both will 
be useful. These changes will have to take place during a 
period of significantly attenuated resources, intensely ( riti- 
cal public scrutiny, and acceleratingtechnological develop- 
ments. 

Although change is inevitable, it is always a( compa- 
nied by uncertainty. The advent of changes in digital 
technology offers significant opportunities to advanc e 
the quality of the educational experience for students 
and faculty. Technology will never replace those 
qualities of commitment, intelligenc e, and integrity 
that are central to maintaining the vitality of the 
university. However, it can serve as a vehicle to 
expand our reach. 7 



7 Report of the University Task Force <>n the lmfj<u t of Ihftiuil 
Technology on the C lassroom Environment, p. x 
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Silicon in the Grove: Computing, Teaching, and 
Learning in the American Research University 

by Richard N. Katz 



I t'the educational context of the small liberal artscollege can 
he likened to Camelot, the 20th century American research 
university can be referred to as "a sheltered grove in which 
knowledge is propagated, created, and applied." 1 The varia- 
tion in content, structure, and emphasis among American 
colleges and universities is the result of a rich history of 
American higher education. In his recent study on the 
priorities of the professoriate, Carnegie Foundation President 
Ernest Boyer observes that "scholarship in American higher 
education has moved through three distinct, yet overlapping 
phases."-' These phases correspond with the tri-partite mis- 
sion of most American universities: teaching, service, and 
research. Understandingthis history contributestoan under- 
standing of the modern American research university, de- 
fined hereto include Carnegie Research Universities I and II, 
which issue doctorate degrees and receive annually at least 
$1 2.5 million in federal support. 

The American Research University 
in Historical Perspective 

While "Camelot" institutions of higher learning trace their 
origins to the English and colonial American focus on the 
student— and in particular on developing students' moral 
character and leadership qualities — the modern American 
research university is an educational johnny-come-lately. To 
understand the American research university, and hence its 
directions in and approaches to organizing information 



'Richard ( . Atkinson and Donald Tuzin, "Equilibrium in the 
Resean h University," Change, May/lune 1<W2, p. 23. 

'Ernest L. Royer, Scholarship Reconsidered: Priorities of the 
Professoriate (Princeton N.|.: The ( arnegie Foundation for the 
Advancement of Teaching, 1991), p. 3. 



technologies in support of teaching and learning, it is first 
essential to understand their unique origins, academic cul- 
ture, and reward systems. At least five defining characteris- 
tics distinguish the modern American research university 
from community colleges, liberal arts colleges and compre- 
hensive universities. While certain of these characteristics 
wil I he found among most or al I higher erV ation categories, 
only research universities share all five. 

First, even the nomenclature distim tions between < ol- 
legesand universities are significant. The word "college" has 
evolved from the Latin collegium, the term for society. The 
earliest colleges were defined in social terms as learning 
communities in which students lived and to which collec- 
tives of scholars traveled. Medieval college teachers were 
paid through guilds of students. The term "university," intro- 
duced in the papal bull of 1 243, transformed this notion by 
adding the corporate dimension. The English, and later 
colonial American, universities reinforced the corporatization 
of higher learnir. 0 )y introducing external boards and by 
seekingpublic. subsidies fortheir operations. These develop- 
ments resulted in the "blunting of student economic power" 
and guarded the institutions' long-term financial interests.' 
While the precise historical distinctions between colleges 
and universities are "not winningly with us," 4 they do cast 
symbolic reflections in the relative emphasis that institutions 
of those names place on students. 



*E. I). Duryea, "Evolution of the University Organization," in 
lames A. Perkins, ed., The University as an Organization (New 
York: Mc( Iraw-Hill, 1 97 * ), pp. 1 5-37. 

4 Rurton R. Clark, "Fat uity Organization and Authority," in 
Marvin W. Peterson, ed., Association for the Study oi Higher 
Education Reader on Organization and (Governance in Higher 
Education ((linn Press, 1980), p. 267. 
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Second, research universities — particularly public re- 
search universities — embraced early the emergent expan- 
sionism, commercialism, and pragmatism of the American 
mid-1 9th century by incorporating "practical" instruction 
into their missions and curricula. Contrast here the emergent 
American focus on developing "builders" of all kinds — 
through mechanical arts, business, law, and medical educa- 
tion—with the leffersonian ideals manifest in the typical 
I iberal arts college's mission of preparing students for active 
citizenship. The Morill Act of 1 862 which created the land 
grant university and the Hatch Act of 1 887, which funded 
university-based agricultural experiment stations, institu- 
tionalized the evolving mission of some American universi- 
ties to apply knowledge. 5 In this changing environmental 
milieu, a new faculty orientation towards applied research 
was born, defining in another unique way the future Ameri- 
can research university. 

Third, the issuance of the Ph.D. degree is another 
distinguishing hallmark of the research university. Com- 
mencing at Yale University and spreading quickly to other 
Ivy League institutions, the issuance of doctoral degrees 
suggests to historians of higher educa- 
tion the triumph of the German influ- 
ence on higher education in America. 
The German university emphasis on 
scholarly detachment and on research 
as a university endeavor justified en- 
tirely on its own meritstook root quickly 
in America, reaching maturity with the 
establishment of The lohns Hopkins University in 1 878, with 
its dear emphasis on research and graduate education/ 7 

Fourth, the success of federally sponsored, university- 
managed research efforts in winning World War II, helped 
Vannevar Bush persuade President Truman that ongoing 
federal sponsorship of scientific" research at American re- 
search universities was, again, an end in itself and a source 
of American leadership in world affairs. 7 Themodern Ameri- 
can research university is defi ned in many ways by the strong 
influence of continued federal investments in research. 

Finally, the war's end and the passage of the G.I. Bill of 
Rights heralded a major American higher education policy 
shift. ( )verturning centuries of tradition in which the social 
role of higher education was the preparation of America's 
elite gentlemen for enlightened citizenry, commerce, the 
clergy, or the professions, the G.I. Bill and subsequent 
financial aid laws provided Americans with broad access to 
higher education forthe first time. These measures and future 
educational entitlements changed American universities in 
at least two ways. First, one class of universities, particularly 
public universities, reorganized to provide mass education 
forthe first time. Between 1955 and 1990, enrollments in 



U.S. colleges and universities increased by 400 percent. 8 
The second change wrought by this post-wa r pol i cy shift was 
the fundamental change in the racial, ethnic, and gender 
composition of the American collegiate student body. 

Today's Defining Characteristic — Research 

None of the influences described in this short history of 
American higher education served to shape and mold the 
research university more than the institutionalization of 
powerful research incentives posed by the adoption of the 
German university model and by the post-war federal spon- 
sorship of university research. According to one source, 
"universities perform almost half of the nation's basic re- 
search |and| about 28 percent of its total research." 9 

The American research university has been described as 
"dazzl ingly successful ." 10 These approximately 200 research 
and other doctorate-granting universities garner fully 30 
percent of all U.S. higher education enrollments. 11 Such 
success, however, has come at a cost. While many of 
America's preeminent research universities compete, ac- 

cording to Clark Kerr, to become 

tomorrow's Harvard, Stanford, or 
Berkeley, the American public 
appears to be increasingly "disil- 
lusioned with research itself... ." 12 
Whi le the debate over how higher 
education should or should not 
balance research incentives with 
the need to educate students or to contribute to the commu- 
nity is outside the purview of information technology execu- 
tives, these executives nonetheless should be aware of the 
debate and strive to incorporate balanced capabilities in 
their technology plans, strategies, and investments. 

The American research university's emphasis on re- 
search signals .t least two important differences to those 
responsible for supporting the instructional program with 
information technology. First, implicit to the German re- 



fl Alkinson and Tuzin, quoting the U.S. Department of Com- 
merce, p. 2:5. 

°/n the National Interest: The Federal Ciovemment and Re- 
search-Intensive Universities, Ad Hor Working Croup on Re- 
search-Intensive Universities (Washington, I ).( ..: ( iovernment I Mint- 
ing Office, 1 992), p. 15. 

'"Atkinson and Tuzin, p. 22. Also, according to the report In the 
National Interest (ibid., p. 1 7), the operating revenues of the 1 70 
most "research-intensive" universities rose from $17.9 billion in 
1979 to $72.8 billion in 1990. 

1 1 Ibid., p. 24. See also, for example, Allan Bloom, The (losing 
of the American Mind: How Higher Edut at inn Has Failed Democ- 
racy and Impoverished the Souls of Today's Students (New York: 
Simon & Schuster, 1987). 

,2 Clark Kerr, "The New Rac e to be Harvard or Berkeley or 
Itanford," Change, May/lune 1991, p. 8. See also Renewing the 
Yom/se; Research -Intensive Universities and the Nation, f 'resident's 
.ouncil of Advisors on Science and Technology (Washington, 
").C: Covernment Printing (Wire, 1 992), p. xiv. 



q Boyer, p. S. 5 

''Ibid., p. 7; see also Atkinson and Tuzin, p. 2/5. ^ 

7 Vannevar Bush, S( ience—The Endless Frontier (Washington, ( 

f ).( ".: National Science Foundation, reprinted 1980), pp, 1 0-11. f 
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search university model is the premise that the quality of 
instruction is directly and positively influenced by the faculty's 
engagement in research activities. This premise suggests a 
''trickle down" model of knowledge propagation in which (1 ) 
faculty enthusiasm about the process of discovery is ex- 
ported to the classroom, (2) student learning is enhanced 
directly by access to research activities and by-products, and 
(3) curricula devised by active researchers better reflect a 
discipline's state of the art. The second and more obvious 
information technology program driver is the set of unique 
needs posed by a large population of graduate students 
engaged in original research. The 
importance of a full-blown graduate 
programtothe planner and provider 
of academic information technology 
support cannot be minimized. 

As David Smallen points out in 
this paper(p. 1 6), one of two "funda- 
mental characteristics" of the ideal 
learning environment is the pres- 
ence of "consistent opportunities to 
interact with other students and the instructor... ." While 
such a proposition is almost axiomatic where applied to 
undergraduate education and informs the technology plan- 
neraboutthereasonablelimitsofinvestmentsin information 
technology, it may be significantly less true when applied to 
graduate education. For example, in a recent study of UCLA 
graduate student housing preferences, 947 unmarried gradu- 
ate students were asked to rate the importance of eight 
academic services and activities in a graduate housing 
complex. Among this group of students, access to the cam- 
pus data communications network ranked second only to 
study rooms in importance. Nearly as importanttothisgroup 
was the existence of group computer laboratories in the 
housing complex. Perhaps more interestingly, this group of 
students rated faculty socializing, faculty mentorships, fac- 
ulty seminars, and live-infaculty as "unimportant" academic 
activities vis-d-vis their residential needs and experience. 13 

Towards Babel: Campus Computing's 
First Waved 947-1 977) 14 

The unique historical evolution of the American research 
university hasfostered uniqueness in these institutions' infor- 
mation technology strategies, challenges, and approaches. 
First, the relative emphasis on research, the responsibility for 
graduate education, and the existence of federal research 
sponsorship have conspired to strengthen the role of faculty 
within the framework of academic shared governance. This 
conspiracy of influences has limited the role to be played by 



The importance of a full-blown 
graduate program to the planner 

and provider of academic 
information technology support 
cannot be minimized. 



n UCLA Business Enterprises, Graduate Student Housing Re- 
search Project: Marketing Study Results, unpublished report, ( Vto- 
bcr 1991, pp. 120-1 22. 

M Brian L.Hawkins, "Preparing the Next Wave of Computing 
on Campus," Change, January/February 1 991 , p. 24. 
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those with institutional responsibility forthe management of 
campus information technology resources— particularly in 
the area of instructional computing. So, while research 
universities should be characterized as "early adopters" of 
information technology — such as MIT's early acquisition of 
Whirlwind I — and have invested in large-scale computing 
since the invention of the first digital computer in 1 946, the 
nature of thetechnology of this period and the idiosyncrasies 
of the research university itself have limited the use of 
computers in direct instructional activities. 15 By 1 979, only 
6 percent of MIT's $1 0 million annual computing expendi- 
tures, for example, went directly to 
^^^^^ ^ education. 16 

In the 1 950s and 1 960s, Amer- 
ica's elite research universities be- 
came home to the big machines — 
those with impressive and even in- 
timidating names such as Whirl- 
wind, Eniac, Maniac, and others. 
These machines brought automa- 
tion to many university administra- 
tive programs and were made available on a time-sharing 
basis to students and faculty. Communication limitations, 
the difficulty of mastering complex programming languages, 
and not-infrequent frustration with the central campus pro- 
viders of computing services limited the widespread use of 
these resources. By 1965, less than 5 percent of the total 
American college enrollment had access to computing ser- 
vices adequate to meet the defined level of national need. 1 7 
The introduction of smaller-scale computing reduced 
some of the technical barriers to distributing campus com- 
puting power and to diffusing the computer's educational 
role on campus. Beginning in the late 1960s, faculty- 
motivated by increasing rewards for research achievement 
and funded by federal contracts and grants—invested heavily 
in a wide range of technologies. Many of these investments 
significantly improved research productivity. Student access 
to computingduringthis period improved slowly and, again, 
more through "trickle down" from research activities than 
from formal institutional intervention. Institutional and fac- 
ulty investments duringthis period were leveraged by match- 
ing grants from the NSF which sought to boost the computer 
literacy of America's future scientists and engineers. 

The shift in the locus of campus academic computingto 
the academic departments and laboratories contributed to 
the evolution of the research university's patchwork quilt of 
heterogeneous computing platforms. By the late 1 970s, the 
computing environments of many American research uni- 
versities could be characterized as'dirhotomous. On one 
hand, few of the premier research universities were able to 

l5 (icorgo A. Champine, MIT Project Athena: A Model (or 
Distributed Campus ( omputing (Boston: Distal Press, 1991), p. 3. 
l6 lbid., pa&e S. 

,r f , residen»'sScien<eAdvisory("<)mmiUee,rom/ju/er.s/n Higher 
Education (Washington D.C.:Mr(irath Publish ing Co., 19d7), p. 4. 
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operate without a large mainframe computer. Large-scale 
computers were operated to support primarily (1) numeri- 
cally intensive research, (2) instruction in computer science, 
and (3) administration. Onthe other hand, islandsof technol- 
ogy emerged in the well-funded, chiefly scientific disci- 
plines. 

This dichotomous evolution carried important implica- 
tions for those with an institutional interest in instructional 
computing. First, faculty independence in the computer 
acquisition decision blunted central campus attempts to 
influence or leverage institutional strategies for instructional 
computing. Second, the technical ^ 
heterogeneity of the research 
university's academic computing en- 
vironment limited the opportunity 
for faculty — or their institutions and 
disciplines — to leverage their own 
achievements in developing com- 
puter-supported course materials. 
This dependence on often narrowly 
defined and typically incompatible 
computing platforms effectively limited the diffusion of 
courseware, retarded the propagation of new instructional 
knowledge, and increased the financial and opportunity 
costs of courseware's adoption by i nterested faculty. In sum, 
while research universities have invested early and aggres- 
sively in information technology, factors intrinsic to these 
institutions' missions, rewards, and governance constrained 
both the leverage opportunities of these investments during 
this period and the widespread integration of computing into 
the university curriculum. 

Towards Integration: Campus Computing's 
Second Wave (1979-Present) 

The period between the late 1 970s and the present has seen 
the continued exponential growth of computing at American 
research universities. The trend towards a dichotomous 
academic computing environment as described above was 
exacerbated, during this period, by the personalization of 
computing as manifested in the introduction, in 1 981 , of the 
I BM PC. This introduction and the rapid improvements in PC 
and workstation performance have increased both the power 
and— more important— the ubiquity of computing resources 
available to faculty for instructional and other purposes. 

Concurrent improvements in software, particularly as 
regards ease of use, have gone far in increasing the wide- 
spread comfort of faculty with computing. This comfort is a 
precondition to widespread faculty computer literacy which, 
in turn, preconditions the widespread integration of comput- 
ing into the academic curriculum. 

The increased faculty access to easy-to-use and rela- 
tively inexpensivecomputingtechnologyhasmade possible 
a proliferation of computer-based instructional material. 
On~e again, due to funding biases and to differential rates of 
software development progress towards numerical applica- 



. . . faculty independence in the 
computer acquisition decision blunted 
central campus attempts to influence 
or leverage institutional strategies for 
instructional computing. 



tions, much of this development has been led by the physical 
sciences, mathematics, and ehgineerii.g. Nevertheless, ex- 
citing work in computer-based instruction is emerging across 
a broad curricular base, including language training, medi- 
cine, writing, literary analysis, and the social sciences. 18 

If the rapid acceptance and diffusion of personal com- 
puters and workstations on research university campuses has 
empowered faculty to develop courseware, it has also lim- 
ited the widespread adoption of such courseware by increas- 
ing the number of technological islands. So, while one clear 
theme of the past two decades is the emerging ubiquity of 

computing to the research faculty, 

- another must be the continued chal- 
lenge faced by campus IT execu- 
tives of supporting a technologi- 
cally heterogeneous environment. 
The academic computing environ- 
ment of the present research uni- 
versity typically consists of hun- 
dreds or thousands of DEC, IBM, 
SUN, HP, NeXT, Apple, and other 
workstations and midrange and mainframe computers with 
incompatibilities across hardware, operating systems, and 
applications. Support,training,andthetransfer of courseware 
technology continue to constrain progress in propagating 
instructional technology. 

While the trend towards personalizing computing has 
increased the complexity of the research university's aca- 
demic computing environment, other important trends dur- 
ing this period suggest countervailing movements towards 
integration. Many of these integrating trends are driven by a 
combination of vision and technological progress. 

Networking 

Perhaps the most important trend of this nature is the 
investment in networking. Recognijing the need to maxi- 
mize the efficiency and effectiveness of historical and pro- 
spective investments in information technology, certain lead- 
ing research universities, such as MIT and Carnegie Mellon 
University, have articulated unique long term visions for 
their campuses. The 1978 Report of MIT's Ad Hoc Commit- 
tee on Future Computation Needs and Resourcesanticipated 
the dichotomous effects of personal computing and recom- 



l8 See, for example, John Bernard Henry, M.D., "Computers in 
Medical Education: Information and Knowledge Management, 
Understanding and Learning," Human Pathology 10(1 990): 988- 
1022; David ]. Unwin and David K. Maguire, "Developing the 
Effective Use of Information Technology in Teaching and Learning 
Geography," journal of Geography in Higher Education 1 (1 990): 
77-82; and M. Dertouzos and W. Burner, Report of the Ad Hoc 
Committee on Future Computational Needs and Resources (Cam- 
bridge, Mass.: MIT, 1978). 

Other good examples include the University of Michigan's 
Project Flame (Foreign Language Applications in the Multi-media 
Environment) and the University of Maryland's Comprehensive 
Unified Physics Learning Environment (COUPLE). 
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mended, among otherthings,the establishment of a campus- 
wide network. This report predicted for 1 989: 

Students may very well use their thousand personal 
machines and other ports to review course material, 
solve homework problems and submit them, simu- 
late experiments, text edit theses and reports, prepare 
graphs, perform bibliographical searches, communi- 
cate via the campus electronic mail with fellow 
students or with instructors, or even with students at 
other institutions, find out what goes on throughout 
MIT, and check their registration. 19 
Projects Athena at MIT and Andrew at CMU demon- 
strated the research university's ability to leverage informa- 
tion technology through decentralization and networking. 
Perhaps for the first time, campus IT executives — through 
their networks — were ableto create the incentives for faculty 
to adopt key technology standards that would increase 
campus computing integration and mitigate the complexi- 
ties of a fragmented and diverse computing environment. 

Concurrently with the evolution of networks on many 
research university campuses, the National Science Founda- 
tion recognized the ongoing need for supercomputing in 
support of the American research agenda. By 1 986, the NSF 
established four supercomputer sites whose resources are 
made available to university researchers on a competitive 
grant basis or through partnerships 
with research universities. The NSF 
supercomputer centers have, them- 
selves, become important instruc- 
tional facilities. For example, in 1990 
alone 1 02 graduate students and 57 
undergraduates from the University 
of Californ ia San Diego made use of 
the San Diego Supercomputer Center. Undergraduate projects 
ranged from "modeling of human locomotion" to "computer 
access for the blind" to "numerical plasma simulation."- 10 

As important (and perhaps more so), the NSF, recogniz- 
ing the importance of scale in high performance computing, 
undertook the creation of a national high-speed data com- 
munications networktoconnect its regional supercomputers 
and provided seed money for regional providers to provide 
connectivity to many colleges and universities. Significantly, 
all 200 Carnegie research universities are connected to the 
Internet — a network of networks — and, thereby, to the 
NSFNET. lust as the emergence of campus backbone net- 
works has created incentives for faculty to make "connectiv- 
ity" investments, so has the existence of national networks 
provided research universities with powerful incentives to 
invest in the data communications infrastructure. Through- 
out the 1 980s to the present, the prevailing strategic, technol- 
ogy theme of research universities has become that of 
network connectivity. 



Library automation 

in addition to the proliferation of personal computers, 
workstations, and networks, the last two decades have 
witnessed the emergence of library automation as a major 
theme of American research universities. The movement 
towards the online delivery of electronic library resources is 
of enormous importance to instructional computing because 
of its focus on text management and delivery, i.e., informa- 
tion access, rather than on data processing. This shift heralds 
the entry of computing into the learning experiences of the 
humanists, fine artists, social and life scientists who have not 
participated in great numbers in the computer revolution. 

In the late 1970s and early 1980s, systems like those 
created by theOCLCand the KLG introduced library comput- 
ing as a means of economizing and consolidating library 
cataloging costs and of achieving consistent bibliographic 
control of a university's library holdings. At the same time, 
pioneering offerings, such as the University of California's 
MELVYL® system, established online union catalogues of 
library holdings and provided public access to new and 
powerful research tools. 

Progress in networking has leveraged the original intent 
of such tools by extending access to rich sources of biblio- 
graphic information in support of teaching and learning. As 
computing and network capacity grow, many of these cata- 
logues have grown to include other 
information such as book reviews, 
indexes, and abstracts. In I ibrary au- 
tomation, the leading research uni- 
versities are exploring aggressively 
the opportunities to (1) reduce li- 
brary costs, (2) improve student ac- 
cess to information, and (3) improve 
faculty productivity by leveraging library collectionsthrough 
online access to full text. "Access to information— anytime, 
anywhere" has become another integratingtheme of campus 
computing's second wave. 

Information resource management 

Related, but not identical to the integrating theme of 
library automation, is the relatively more current theme of 
information resource management. As the technical infra- 
structure becomes increasingly interconnected and, thereby, 
highly leveraged, the focus of many research universities has 
expanded to include greater recognition of institutional 
information as an asset to be managed. Multi-campus projects 
I ike CUPID seek to find ways to preserve, store, and distrib- 
ute textual information electronically, while other projects, 
like Sequoia, work to develop tools for managing very large 
datasets. Still other initiatives like those between McCraw- 
Hill and the University of California San Diego offer the 
ability to customize textbooks — in real time — to meet the 
increasingly specific and specialized curricular needs of 
faculty and students. Still other initiatives such as those 
sponsored by the Coalition for Networked Information (CNI) 
seek to create new relationships among librarians, technolo- 

>7 
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20 SDSC, "Interactions Between the SDSC and the rest of the 
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gists, publishers, scholars, and others to accelerate the flow 
of published materials across networks. 

Economic and sociological trends 

Two other trends emerging during this period are con- 
spiring to accelerate the drive towards integration. First, the 
political and economic context of the American research 
university is changing. Duringthe 1980s, American research 
universities sustained tuition increases at rates exceeding 
inflation. Since 1988, public research universities have 
witnessed the real economic, erosion of support from their 
states. At the same time, enrollments in many universities 
have declined owi',g, in part, to the absolute decline in the 
supply of Americans aged 18 to 24. The essential theme 
associated with these facts is that research universities' 
financial and political capital is at risk, if not on a declining 
trajectory. Whether cyclical or structural, declining resources 
suggest the need for institutional strategies that leverage 
existing resources. New information technologies and strat- 
egies that make information, networks, or computers avail- 
able to students faster or cheaper are likely to prevail over 
stand-alone solutions and technological islands. 

Finally, some of these same pressures, particularly the 
pressure to maintain enrollments in the face of a demo- 
graphic "bust," are causing some American research univer- 
sities to re-think the research priority within their mission. 
According to former Stanford President Donald Kennedy, 
... the overproduction of routine scholarship is one of 
the most egregious aspects of contemporary aca- 
demic life; it tendstocancel really important work by 
its sheer volume, it wastes time and valuable re- 
sources, and it is a major contributor to the inflation 
of academic library costs. 21 

The growing public distrust of research and demand for 
educational quality is exerting pressure on research univer- 
sities to recalibrate priorities and to re-focus on undergradu- 
ate education. Only as these pressures become translated 
into formal changes tothe assessment process through which 
faculty are rewarded will step-function improvement in 
instructional computing become possible. Where in the past 
computers, then networks, have been in scarce supply, in the 
decades to come the courseware and faculty time will limit 
the rate of diffusion of computing in the classroom. 

Computing, Teaching, and Learning: Current 
State, Future Issues and Opportunities 

One of the consistent themes reinforced throughout the 
literature on instructional computing of thel 960sand 1970s 
is that of access to computing. Owing to the scarcity of 
computing resources on the campus, budget and technology 
planners focused the attention of their campus presidents, 



21 Speec hby (then) Stanford University President Donald Kennedy, 
referenced in Atkin and Tuzin, p. 24. 
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donors, federal sponsors, and legislators on the need to fund 
computer acquisitions. Owing to both the considerable 
success of these planners in securing support and the dra- 
matic improvements in the price/performance of computers 
during the 1 980s, student access to computing per se is no 
longer the dominant theme at many American research 
universities. Currently, public and private universities pro- 
vide one dedicated instructional PC or workstation for each 
forty-five students. Increasingly important, at research uni- 
versities, as many as 29 percent of all students own their own 
computer. 22 Certain universities, like Dartmouth, require 
that students own specially configured computers as a natu- 
ral extension of classroom experience, while other institu- 
tions, like the University of California (UC), support re-seller 
programs that make computer ownership financially acces- 
sible to most students. By 1989, 51 percent of UC graduate 
students and 42 percent of its undergraduates owned a 
personal computer. Student ownership of personal comput- 
ers grew at a compound annual rate in excess of 20 percent 
in the past five years at this institution. 2 " 1 

As computing resources have become increasingly com- 
monplace, their use has become nearly ubiquitous. Aga i n at 
the University of California, nearly 66 percent of under- 
graduates and 81 percent of graduates reported using com- 
puterstosupport their learning activities. Significantly, gradu- 
ate students in all disciplines report spending morethan three 
times as many hours in computing-related activities than do 



"University of Southern California, (enter for Scholarly Tech- 
nology, 1990 EDUCOM/USC Survey of Desktop Computing (Los 
Angeles: USC, 1990), p. 1. 

"University of California, / 989 Survey on the Instructional Use 
of Technology, unpublished report, p. 1 1 . 
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their disciplinary counterparts in the undergraduate pro- 
gram. 24 

As access to computing has diminished in urgency, 
access to networks and access to information have risen in 
importance. Research universities are vesting new impor- 
tance in their data communication infrastructures in the 
belief that investment in networks can leverage their own — 
and others' — computing capacity, library catalogues, data 
repositories, and scientific instruments, 
as well as national computing facili- 
ties such as the NSF supercomputer 
centers. 25 Another indicator of the 
emerging priority of networks hasbeen 
the active role played by research 
universities in the enactment of the 
High Performance Computing and 
Communications Act of 1 991 . 26 This federal law commits, 
among other things, to a significant expansion of American 
networking capabilities in support of college- and university- 
based education and research. Progress towards envisioned 
gigabit network speeds wi 1 1 i ncrease i ncenti ves for research 
universities to invest in campus networking. 

As computing cycles become relatively abundant and 
accessible at many research universities, and as network 
connectivity, capacity, and reliability improve and increase, 
the attention of research universities has enlarged to include 
concern over the information resources themselves. This 
new focus responds to a large number of pressures and 
opportunities, including: 

• the growing cost pressures on library acquisitions; 

• technological readiness for the distribution of multime- 
dia records, such as images, full-motion video, etc.; 

• the growth in size and complexity of national data 
sources, such as NASA; 

• the deterioration of university library collections printed 
on acidic paper stock; 

• new distance learning opportunities made possible by 
new information technologies. 27 

The creation of campus computing environments that 
will realize the full benefits of infrastructure investments in 
computing, networking, and information resources will be a 
complex activity. Not only will this activity require substan- 

24 lbid. 

15 For examples, see Caroline Arms, ed., Campus Networking 
Strategies: EDUCOM Strategy Series on Information Technology 
(Boston: Digital Press, 1 988). 

26 See U.S. Office of Science and Technology Policy, Grand 
Challenges: High Performance Computing and Communications: 
FY 1992 U.S. Research and Development Program (Washington, 
D.C.: Government Printing Office, 1992). 

27 A helpful list of trends that will influence research university IT 
strategies in the 1 990s can be found in Richard M. Dougherty and 
Carol Hughes, Preferred Futures for Libraries: A Summary of Six 
Workshops with University Provosts and Library Directors (Mt. 
View, Calif.: Research Libraries Group, 1991), p. 10. 
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tial and focused campus investment in a broad set of activi- 
ties, it will require— in many areas— the cooperative in- 
volvement of many within higher education and within the 
publishing, networking, and computer industries. 

The strategic emphasis of American research universi- 
ties on technological integration and on information re- 
sources and their management has formed the basis of an 
emerging and ambitious action agenda for the 1990s and 

beyond. Convergence on a vision 
of campus computing character- 
ized by the seamless access to a 
broad range of information re- 
sources — in a variety of media — 
acrossdiverse technical platforms 
and institutional boundaries has 
also informed research universi- 
ties about the challenges that must be overcome. 28 In brief, 
elements of this emerging agenda include: 

• Continued emphasis on, and investment in, the 
information technology infrastructure 

The research university vision of computing anticipates 
not only exponential, but step-function increases in demand 
for network capacity. Online access to very large datasets— 
such as census holdings or recordings of particle collisions- 
will require ongoing investments in the campus's data com- 
munications bandwidth. Developments in scientific visual- 
ization, online transport of radiological images, digital pho- 
tography and videography, and online distribution of library 
holdings as character or image records will inevitably drive 
ongoing capacity investments and will increase dramatically 
the demand for network connections. While virtually all 
research universities support a campus-wide network distri- 
bution capability, most have failedtoestablish ormanagethe 
"last mile" connections to every faculty desktop, or key 
student locations. 

It is also likely that the institutional operational defini- 
tionsofnetworkinfrastructurewillneedtoexpandtoinclude 
many of the devices on the network. The fulfillment of the 
emergent information technology agenda will require that a 
minimum workstation configuration be defined that can take 
full advantage of new network-accessible information me- 
dia. Due to its emphasis on information access, the next 
wave of research university computing will likely reach 
those students and faculty who value text, rather than data, 
processing. Asa result, newfundingstrategies will havetobe 
devised to ensure equitable access to desktop resources to 
those members of the campus community who are not the 
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28 Roberl C. Heterick, )r., A SingleSystem Image: An Information 
Systems Strategy (Boulder, Colo.: CAUSE, 1 988). See also Univer- 
sity of Ca I ifom ia, Report of the Committee on Long Range Planning 
for Academic Support Services, 1991, unpublished report, and 
Richard N. Katz and Richard P. West, Sustaining Excellence in the 
21st Century: A Vision and Strategies for College and University 
Administration (Boulder, Colo.: CAUSE, 1 992), pp. 8-1 2. 
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traditional beneficiaries of sponsored research funding. Simi- 
larly, while the growth of student ownership of PCs has ri:.en 
sharply, the evidence suggests that much of this growth fails 
to anticipate the importance of networks. Research universi- 
ties will need to develop strategies for helping students 
acquire desktop platforms, at reasonable costs, that leverage 
investments in networks and in information resources. 

In addition, there is little evidence to suggest that the 
long-promised "paperless" environment is within sight. Re- 
search universities must thus assume that, in spite of progress 
towards networked information delivery, a large role will 
conti nue to exi st for i nformati on i n pri nt form. They wi 1 1 need 
to develop and finance institutional print strategiesthat foster 
a "print-on-demand" capability campus-wide (and most 
likely to the home) and that differentiate between tiers of 
student and faculty printing needs. Initiatives like Project 
CUPID and UCSD's venture with McGraw-Hill seek to 
develop a working understanding of networked printing's 
institutional tier. 29 

Another infrastructure element that will receive ongoi ng 
investment in the name of integrating the instructional com- 
puting enterprise is the development and refinement of user 
Interfaces. As network connectivity and capacity rise and 
networked information resources become increasingly ac- 
cessible, network operators and com- 
puti ng application developers will be 
exp ected to faci I itate their u se through 
the deployment of easy-to-use, and 
probably graphical, user interfaces, 
lust as libraries without catalogues 
are of limited use, so will access to 
information "anytime, anywhere" be limited by inadequate 
directory services and fragmented interfaces. Whether or not 
a "one-stop-shopping" computing environment can be cre- 
ated and maintained, access to information resources must 
be organized to minimize student and faculty training time. 
Similarly, campus information security strategies will require 
tuning to achieve a balance between researchers' and stu- 
dents' needs for public access to information, and the equally 
important imperative to secure the fruits of work in progress. 

• Partnerships and multi-lateral research and 
development of new technologies 

The vision of the research university's third wave is 
predicated on progress in key technology areas. Most of this 
progress will be enabled, or constrained, by progress in 
adopting multi-lateral standards and conventions. Many of 
these standards and conventions, in turn, will require un- 
precedented cooperation among universities and between 
higher education and the computing, communications, and 
publishing industries. Significant areas of activity that form 
this element of the agenda include: 



2<, "UC/San Diego Developing Custom Publishing Center," in 
Manage IT: The Newsletter for the Management of Information 
Technology in Higher Education, Spring 1 992, p. 1 . 
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national and international directory services; 
development and refinement of "navigational" tools 
such as Gopher and WAIS; 

standardsforthe compression and decompression of bit- 
mapped images, video, and others; 
progress in developing host-to-host connectivity through 
such protocols as Z39.50; 

standardization of graphical and page markup protocols 
to facilitate network-based "publishing"; 
creation of electronic data interchange (EDI) capabilities 
to enable the eventual accounting and billing for access 
to information resources and network services. 

The multi-lateral organizational obstacles impeding 
progress towards the achievement of this agenda are far more 
daunting than the technological ones. Newspaper publish- 
ers, technology manufacturers, academic publishers, and 
voice communication carriers share higher education's vi- 
sion of information services delivery. Historically, however, 
competitive advantage to these necessary partners has been 
defined, in part, by creating de facto or de jure standards for 
their products or services. The continued fragmentation of 
the marketplace through the standard setting process carries 
the risk of, at best, creating new technological islands and, at 
worst, creating virtual monopolies 
— among the suppliers or distributors 
of academic information. Efforts 
like those pursued by the Coalition 
for Networked Information to en- 
gage segments of these industries 
on delicate subjects I t^e copyright 
will become increasingly essential. The essence of where 
such investments and efforts can lead — and the source of the 
expected organizational resistance — is the vision of organi- 
zational "boundarylessness" articulated by General Electric 
CEO lack Welch. 

In addition, continued investment in leading-edge tech- 
nology such assupercomputing will be required. Tools will 
be needed to maintain, access, and manage very large 
datasets so that students can simulate and model the social, 
natural, and physical universe in more meaningful ways and 
so that faculty can push the frontiers of knowledge. Visual- 
ization tools, in particular, will become increasingly impor- 
tant vehicles for helping students at all levels to learn. 

• Research and development in cognitive sciences 
and in knowledge diffusion 

The vision and strategies of research universities' infor- 
mation technology providers correctly focus their institu- 
tions' attention and resources on (1 ) infrastructure, (2) infor- 
mation access, (3) information resources, and (4) institu- 
tional cooperation and partnerships. This focus will create a 
rich and easy-to-use environment in which student learning 
and faculty instruction ca be influenced significantly by 
information technology. However, just as the existence of 
magnificent libraries does not guarantee their use, neither 
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does the achievement of the envisioned networked environ- 
ment assure that network-based tools, information, and 
courseware will be deployed fully or successfully in the 
classroom. Ultimately, research university governance typi- 
cally vests most curricular authority in the faculty, and it will 
be the faculty, department chairs, and deans who regulate- 
by action or inaction— the rate of diffusion of these new 
technical capabilities to students. 

In 1972,theCarnegieCommission on Higher Education 
predicted that "... by the year 2000, it now appears that a 
significant proportion of instruction in higher education on 
campus may be carried on through information technology 
... ." 30 Most information technology executives now con- 
cede that, in spite of the significant and demonstrable gains 
in this area, even this somewhat tentative fin de siecle 
forecast will not be realized. As in the first two waves of 
campus experience with computing, progress towards achiev- 
ing the promise of the third wave will be constrained by 
structural impediments, many of which are intrinsic to 
research university governance. 

First, while much is known pedagogically about the 
nature of learning as it relates to computing, 31 the literature 
of this field rarely escapes the confines of education depart- 
ments or behavioral science disciplines. Higher education's 
failure to "mainstream" these learnings can be ascribed to 
research university faculty's disciplinary biases and to the 
academic reward system which reduces faculty incentives to 
learn about teaching. As a result, while taxonomies and 
models of the learning process exist 32 — and have been 
mapped to both discipline-based instruction and to instruc- 
tional technologies 3 * — the efforts to leverage this knowledge 
have been limited to those faculty who find the combination 
of enthusiasm, time, skills, and resources necessary to de- 
velop courseware. In sum, the creation of courseware is, and 
will be, limited by a combination of (1) uneven faculty 
pedagogical literacy; (2) uneven faculty computer literacy 
and preparedness; and (3) faculty rewards that discount the 
time, effort, and achievement surrounding instructional in- 
novation. New multimedia technologies, for example, which 
hold so much promise for educatingthe "Nintendo® genera- 
tion," may fail to realize their potential in the classroom if 
faculty are not educated in, or rewarded for, their use. 

The constraints described suggest factors limiting the 
creation and introduction of instructional technologies inthe 
curriculum. Another constraining theme is the lack of coor- 



,0 ( larncgie Commission on Higher Education, The Fourth Revo- 
lution: Instructional Technology in Higher Education (Berkeley, 
Calif.: Carnegie Commission on Higher Education, 1972), p. 1 . 

* 1 See, for example, lohn F. Rockart and Michael S. Scott Morton, 
Computers and the Learning Process in Higher Education (Berke- 
ley, Calif.: Carnegie Commission on Higher Education, 1 975). 

,2 Scc, for example, Roger Levien. The Emerging Technology: 
In ttructional Uses of the Computer in Higher Education (New York: 
McGraw-Hill, 1972), p. 354. 

"Rockart and Scott Morton, p. 30. 
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dinative strategies to enhance the diffusion of existing 
courseware within academic disciplines and across institu- 
tions. While award programs, such as those sponsored by 
EDUCOM, provide both publicity and quality assurance for 
courseware, we do not yet understand well how instruc- 
tional technology diffuses, or why. Acquiring such an under- 
standing and developing technology transfer strategies that 
build on research findings may go far in leveraging the 
investments made by faculty pioneers. 

Finally, American research universities should recog- 
nize the need to ensure universal student computer literacy 
if the instructional benefits of campus information technol- 
ogy investments are to be realized fully. Uneven student 
preparation inthis area has ledto student learning resultsthat 
can be characterized as equivocal, at best. 34 

Conclusion 

In sum, information technology's role in teaching and learn- 
ing will continue to be one of higher education's dominant 
themes in the 1 990s and beyond. What is emerging is a richly 
interconnected and highly leveraged network of computing 
resources, tools, and information resources that will provide 
students and faculty with unprecedented access across dis- 
ciplinary, institutional, and national boundaries. Impor- 
tantly, the evolving national and international network infra- 
structure will also facilitate access, by students and faculty, 
to each other and to alternate centers of expertise. Whi le the 
1990s will likely witness a continued priority on computa- 
tional power and sophistication, the real news may be the 
emergence of new text-handling capabilities that will bring 
computing's benefits to students of all academic disciplines. 

The full realization of the research university's instruc- 
tional agenda will require significant continued investment 
in networks and in integrative technologies. Also required 
will be unprecedented inter-institutional and inter-industry 
cooperation and partnership. Finally, as research universi- 
ties organize to develop the tools, networks, information 
resources, and partnerships necessary to realize the vision 
described, campus leaders will need to engage the academic 
enterprise in an evolving dialogue on faculty priorities, 
incentives, and rewards. In this it would be well for campus 
leaders to remember that the roots of the research university's 
"dazzling success" fall not in the maintenance of the status 
quo; rather, the history of American higher education reveals 
that ongoing change and organizational renewal are our 
source of strength and, indeed, our imperative. 



14 Roger E. Whitney and N. Scott, "Mic rocomputers in the 
Mathematical Sciences: Effe< ts on Course, Students, and Instruc- 
tors," Academic Computing, March 1 990, pp. 1 4-1 8; 49-53. The 
authors conclude: "... we cannot see how universit ies can affi ird the 
resources needed to integrate the computer successfully into the 
curriculum ... we cannot see how universities can survive without 
integrating computers into the curru ulum." 
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Reengineering of Student Learning? 
A Second Opinion from Camelot 

by David L Smallen 



Recent advances in information technology, coupled with 
calls tor reform in higher education, have led to suggestions 
that major surgery, or reengineering 1 , of the teaching/learn- 
ing process is in order. While attention has been largely 
focused on the administrative side of the research university, 
the reengineering net has been cast widely. A general 
conclusion reached by reengineering proponents is that our 
system of higher education requires substantial overhaul to 
improve the productivity of our faculty, reduce costs, and 
enhance student learning. 2 Information technology isseen as 
the infrastructure upon which the reengineered academy 
will rest. However, when contemplating surgery it is a 
common practice to seek a second opinion. This I offer, as 
one who has been responsible for information technology 
services for the last 20 years at Hamilton College, where the 
primary focus has always been teaching and learning. 
In the American imagination the four-year liberal arts 
college has become something of an educational 
Camelot, a nearly perfect example of the ideal learn- 
ing environment. ... It is a place where students learn 
from one another as well as their professors. Discus- 
sion-sized classes are taught by professors who de- 
vote personal attention and concern to their students, 
challenging them to reach beyond familiar modes of 
thinkingtoachievegenuine intellectual growth. Such 
institutions do, in fact, exist. 3 



1 James I. 1*011 rod and Michael (1. Dolence, Reengineering: A 
Process for Transforming Higher Education, CAUSE Professional 
Paper Series #9 (Boulder, Colo.: CAUSE, 1 992). 

2 David W. Benson, "On Productivity in Higher Education," 
Policy Perspectives, March 1992, Section B, The Pew Higher 
Education Research Program. 

^Learning Slope," Policy Perspectives, November 1 991 , Sec- 
tion A, The Pew Higher Education Research Program. 
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While this nirvana represents an ever decreasing part of 
the total higher education scene, enrolling less than 10 
percent of all students, it offers insights intothe strengths and 
weaknesses of the traditional methods of instruction, and the 
potential for the application of information technology to 
enhance, replace, or alter these methods. In addition, the 
emphasis on teaching and low student/faculty ratios at such 
institutions provide an ideal test environment for applica- 
tions of information technology to the learning process. 

My thesis is simple: 

The environment at liberal arts colleges like Hamilton 
is close to the ideal for maximizing student learning. 
Successful applications of tech no logy to the learning 
process, at any institution, will he ones that address 
variances from the ideal learning environment. Tech- 
nology applied in a manner oblivious to these vari- 
ances will not improve teaching and learning, and 
will waste critical institutional resources. 
Further, technology applied by poor teachers will be no 
more effective than administrative information systems that 
automate a poorly thought out procedure. Change for the 
sake of change is counterproductive and will alter the very 
characteristics of the learning environment that attract po- 
tential students and enhance student learning. For example, 
at Hamilton applications of technology which decrease 
opportunities for interaction between faculty and students 
would likely be detrimental to Hamilton's competitive posi- 
tion. Given the nature of the small libera! arts college, it is 
unlikely that there are many opportunities to make student 
learning more cost-effective; rather, targeted applications of 
information technology can improve the quality of learning. 
Senioradministratorsat colleges that are lookingfor informa- 
tion technology to reduce instructional costs are going to be 
disappointed. Quite the opposite is likely to be true! 
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Learning in Camelot 

Hamilton is a coeducational, residential college located in 
a beautiful rural setting. All but a few students live on or 
adjacent to the campus. Students and faculty are accessible. 
For the most part, f i rst-year students enter Hami Iton the same 
year they graduate from high school. Despite the recent 
depressed national economy and the substantial cost of a 
Hamilton education, applications to Hamilton have re- 
mained steady, although demands on the financial aid 
resources of the College have been substantial. There is 
evidence that the most important attractors for potential 
students are their perceptions that among the schools they 
apply to, Hamilton has the "best" and the most highly 
accessible faculty. 

Hamilton's mission is unwavering— preparation of stu- 
dents for active citizenship. This preparation is accom- 
plished through the development of 

fundamental analytical and commu- - 
nication skills, rather than through 
training for a particular occupation. 
Aliberal artseducationisbasedupon 
the premise that the future is, at best, 
uncertain, and that generalists rather 
than those with specific training are 
best prepared to deal with that uncertainty. Further, the 
liberal arts education is concerned with preparation for a 
"lifetime" of learning. 

The lecture/seminar method of instruction at Hamilton 
has remained largely unchanged, but there have been recent 
strains on the system, some innovative application of tech- 
nology in the classroom, and modest calls for curricular 
reform. Even in Camelot, attempting to steer a new instruc- 
tional course is difficult. 

Instructional methodology at Hamilton follows a pattern 
common at other institutions. Classes generally are taught 
eithertwo orthree times per week. Class sizes are small, with 
over 86 percent of all classes having fewer than twenty-five 
students. Hamilton eliminated distribution requirements in 
the late sixties, but has gradually moved back to a system of 
curricular goals which, together with a strong advising 
system, function as effective surrogates for requirements. 

Faculty must deal with the delicate balancing of teach- 
ing, professional activity, and community service, as each is 
important for promotion and tenure. Bi-annual student evalu- 
ations of teaching are an important component of the process 
of self-improvement. To remain competitive with its peer 
institutions, Hamilton recently reduced the annual faculty 
teaching obligation from six to five courses, increased the 
size of the faculty from 1 50 to 1 60, and enhanced its system 
of professional leaves. 

Two fundamental characteristics of an "ideal" learning 
environment, present in the small liberal arts college, are 
subject engagement— consistent opportunities for students 
to actively engage subject matter— and interaction— consis- 
tent opportunities for students to interact with other students 



Understanding where change can 
produce significant improvements in 
student learning is paramount 



and the instructor to test their own ideas and to learn from the 
ideas of others. 

These characteristics can be fostered by a variety of 
physical and psychological features of the environment in 
which teaching and learning take place. But there are no 
guarantees. For example, small class size does not ensure 
that interaction will take placeunlesstheinstructorfacilitates 
it. A faculty member who shows excitement for the content 
or a course can motivate students to engage that subject 
matter, but the engagement process may be incomplete 
unless students understand what engagement means. Read- 
ing and understanding (engaging) poetry, for example, is 
different from reading Sports Illustrated. 

Instructional methodology is the domain of the faculty, 
who decide what, when, and how courses are to be taught. 
Most formal instruction takes piace without any significant 
use of technology in the classroom. The spoken word, 
interaction between students and 
the instructor, chalk, and black- 
boards are still the primary delivery 
mechanisms for instruction. A vari- 
ety of audio-visual equipment and 
computers serve as tools of teach- 
ing. This approach issuccessful since 
the two characteristics of the ideal 
environment are present for most courses. As the recent 
Harvard Assessment Seminars report concluded, "students' 
academic performance and satisfaction at college are tied 
closely toinvolvement with faculty and other studentsaround 
substantive work." 4 The report goes on to talk of the value of 
"interactive classes" and "interactive relationships" in the 
student learning process. 

Even in Hamilton's very traditional environment there 
are notable applicationsoftechnologytolearning, including 
an EDUCOM/NCRIPTAL software award winner. These 
applications are successful precisely because they enhance 
subject engagement or interaction among students and fac- 
ulty. Further, these applications impact a significant number 
of students, since many of them occur in introductory level 
courses. 

Understanding where change can produce significant 
improvements in student learning is paramount. Targeted 
applications of information technology, fostered by an ap- 
propriate information technology infrastructure, can make a 
difference in invigorating and improving the learning pro- 
cess. Be forewarned: applying technology to improve stu- 
dent learning is about quality, not quantity! 

Approaches to Improving Student Learning 

Information technology can be used to improve student 
learning if it addresses variances from the ideal learning 

"Richard |. Light, Explorations with Students and Faculty about 
Teaching, Learning, and Student Life, The Harvard Assessment 
Seminars, Second Report, 1992. 
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environment, that is, when it is used to improve interaction 
and subject engagement. These variances are present, to 
some degree, at all institutions. Targetingareas of learning in 
which these variances are large is the most cost-effective way 
to achieve improvements. 

For example, at Hamilton, not all classes are of suffi- 
ciently small size to ensure interaction among students and 
faculty. At some institutions large classes are the norm. At 
universities with large numbers of distance learners, part- 
time students, or ad junctfacuity, even being on-campus may 
present difficulties. In many subject areas active engagement 
of subject matter is problematical regardlessofclasssize. For 
example, visualizing three-dimensional objects in an ad- 
vanced mathematics course, or understanding the meaning 
of a poem in an English course, requires subject matter 
engagement that goes beyond mere reading. 

When students actively participate in class discussions 
they not only test their understanding of the subject matter of 
the course, but further develop their communication and 
analytical skills. Facilitating this interaction and making sure 
all students participate is largely the responsibility of the 

instructor. In very small classes, un- 

der ten students for example, partici- 
pation is almost assured since stu- 
dents who enroll understand that 
participation is expected. In larger 
classes, it is possible for students to 
remain relatively passive if the in- 
structor adopts a traditional lecture 
format. When interaction languishes, 
information technology can help. 

Electronic discussion groups, computer networks, and 
guided discussion software can all be used to promote 
interaction among students and the instructor on course- 
related matters. Such discussion groups enablethe student to 
develop confidence in his or her understanding of subject 
matter prior to participation in class discussions. Addition- 
ally, the instructor can guide the discussion by using sugges- 
tions or focused questions. While the interaction initially 
takes place electronically, rather than face to face, thefaculty 
who have used such techniques have noticed that electronic 
communication of this type is a precursorto interaction in the 
classroom setting, ultimately improving student learning. 

Most campuses already have the technology in place to 
use this approach. Even a small network in a public comput- 
ing facility can suffice, in other institutions, networking 
technology can be useful in distance learning situations 
where in-class interaction is not possible for most students. 

Helping students to actively engage subject matter is 
another area in which technology has been applied success- 
fully at most institutions. Numerous examples exist of com- 
puter applications that help students to engage subject 
matter in an active rather than passive manner. These range 
from simple drill and practice in basic mathematics to 
complex simulations of chemistry laboratory environments, 
it can be demonstrated that these applications improve 



student learning and retention of subject matter. 5 

However, even when it can be demonstrated that inte- 
grating information technology intothe educational process 
does improvestudent learning, there are hurdles that must be 
overcome to make that integration a reality. 

Inhibitors and Opportunities 

There are significant variances among faculty, and institu- 
tions, in their willingness to experiment with instructional 
approaches other than the traditional lecture/seminar for- 
mat, and to support such efforts. What are some of the 
environmental factors that account for these variances, and 
what can administrators do to turn inhibiting factors into 
opportunities? 

Marginal benefits and trade-offs 

The ultimate decision about whether to incorporate 
information technology into the teaching/learning process is 
made by the faculty member, often implicitly, on the basis of 
a perceived tradeoff between the marginal increase in stu- 
dent learning (over that achieved 
by traditional method) and the per- 
ceived investment in time to learn 
to use the technology, integrate it 
with other course materials, deal 
with problems related to the tech- 
nology itself, and choose among 
available technology alternatives/' 
When all of this is considered the 
tradeoff does not seem compelling 
enough to most faculty. For the most part, the faculty's 
perception is accurate at Camelot institutions, precisely 
because the two characteristics of an ideal learning environ- 
ment are abundantly present. There simply is no overriding 
reason to make the investment. 

Faculty have other obligations. Publication, presenta- 
tions at professional societies, and community service all 
compete for the faculty member's time. When these other 
oh ligations enter the picture most faculty do not see the value 
of investing their time in something with small marginal 
benefits to student learning. 

Similar trade-offs should be considered at all institu- 
tions. If class sizes are large, or students and faculty are not 
readily accessible on campus, or interaction is not realistic, 
then the tradeoff balance will change. Unfortunately, at 
many institutions where classes are large, research is valued 



r, An excellent review of these issues can be found in Computing 
Strategies in Liberal Art Colleges, edited by Martin Ringle (Reading, 
Mass.: Addison-Wesley Publishing Company Inc., 1992) in part 
four, "The Impact of Computing," which includes "information 
Technology in the Liberal Arts Environment: Faculty i )evelopment 
Issues," by Carol Lennox, and "Computers for Teaching and Learn- 
ing," by Marianne M. Col grove. 

''Ibid., see Lennox for an excellent review of these issues. 
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more highly than teaching. However, even if the motivation 
is present, administrators must provide the resources to 
minimize the perceived negative aspects of dealing with a 
new technology. Institutional leadership, from the chief 
academic officer, supported by personnel in computer ser- 
vices, must be brought to bear to make it possible for 
appropriate technology to be integrated into the learning 
process. There are important ways to direct such resources, 
not all of them directly related to the technology. 

Before a meaningful tradeoff can take place faculty must 
perceive that the application of the technology will improve 

student learning. This perception is 

one that is shaped almost exclu- 
sively by discussions with col- 
leagues. Computer services organi- 
zations can provide information 
about applications of technology 
that have been successful at other 
institutions, but it is the opinions of 
colleagues in the same discipline that are most important to 
faculty. National, discipline-based professional organiza- 
tions have started to play a role in providing forums for 
improving learning; now senior administrators at colleges 
and universities must support and encourage faculty atten- 
dance at such meetings. 

The impact technology will have on student learning 
will vary by the environmental setting in which it is used. For 
example, using software that facilitates and encourages 
student interaction on subject-related matters will have a 
greater marginal benefit in a course with a large enrollment 
than inonethat istaughtinaseminarformat. Software to help 
students acquire basic skills through drill and practice may 
be more effective in a self-paced setting than in a traditional 
lecture format. A software product that is used successfully 
in a chemistry class of 500 students at a research university 
may be of marginal benefit in a class of sixteen chemistry 
students at a small college. The recognition that the marginal 
benefitsoftechnologicalapplicationstostudentlearningare 
different in different settings is essential to understanding 
how to make effective use of that technology. 

Once the faculty member perceives the application will 
improve student learning, barriers to implementation must 
be minimized. Removing or lowering barriers will take 
financial resources! 

One such barrier isthe perceived investment thefaculty 
member must make in actually learning to use the technol- 
ogy. "Faculty will not take full advantage of computing 
technology for any purpose if access to such technology 
means a trip to another building— away from the office, 
phone, and work materials." 7 Providing access to computing 
in the office environment is essential. It is unrealistic to 
expect faculty to use computing in connection with instruc- 
tion if they don't use it in everyday activities. 



It is unrealistic to expect faculty to use 
computing in connection with 
instruction if they don't use it in 
everyday activities. 



7 lbid., p. 30f>. 



9 

ERLC 



Providing such equipment must be viewed as a long- 
term investment, similar to providing funds for attending 
professional meetings. Initially faculty will use computing for 
personal productivity or research, often doing old things in 
new ways. Anecdotal evidence from a variety of colleges, 
supported by my experience at Hamilton, has indicated that 
providing direct access to computing in a faculty member's 
office isa precursortoany significant application of comput- 
ing in the classroom. Faculty must develop a comfort level 
with any technology before they will apply it in a setting in 
which they have traditionally been the expert. However, 
providing access to computing is not 
- sufficient for instructional applica- 
tions of computing to develop, and 
has often led to disappointment with 
massive investments in technology 
at other colleges. Networking the 
campus., and providing every faculty 
member with a computer, doesn't 
guarantee computing will be used to improve student learn- 
ing any more than giving a person a hammer ensures she or 
he will become a carpenter. 

Finally, the physical learning environment— the sup- 
porting infrastructure — needs attention to eliminate techno- 
logical distractions. Such distractions include poorly de- 
signed computingfacilities, inadequate numbers of comput- 
ers and/or licensed copies of software, underpowered com- 
puting platforms, and lack of projection equipment to sup- 
port classroom demonstrations. 

Infrastructure — the amortization problem 

Most institutions of higher education made substantial 
investments in computing technology in the 1 ^80s. Much of 
this investment is now in need of replacement, especially if 
it is to maintain its usefulness for supporting teaching and 
learning. Instructional software now requires more powerful 
computing platforms. For example, several instructional 
software products at Hamilton are built on HyperCard IM 
foundat ; ons. Floppy-disk-based microcomputers with mini- 
mal RAM are taxed to their limits running such software. This 
creates unnecessary difficulties for students and a diversion 
of attention from subject engagement to computer techni- 
calities. 

It has been estimated that to create a modest five-year 
amortization schedule for instructional computing equip- 
ment currently in place at Hamilton will require over $150,000 
per year. And a five-^ar schedule is constraining for imple- 
menting instructional applications of computing given the 
advances made in software! 

Even while institutions invested in computing hardware 
and software, there was relatively little invested in making 
classroom environments conducive to the introduction of 
technology. At most institutions, faculty still have to make 
special arrangements to have a computer and projection 
panel set up for use in their classes. V/hether computing is 
used only for demonstration purposesby the instructor, or by 
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each student at his or her desk, appropriate classroom 
environments need to exist. Portable LCD display panels 
have provided low-cost technology for in-class computer 
demonstrations, but these panels and the associated comput- 
ers and overhead projectors/screens must exist in sufficient 
abundance to make it possible for fac- 
ulty to easily plan to use them. Spend- 
ingeven 1 0 minutes (often one-fifth) of 
available class time "setting up" the 
technology is unacceptable. More 
classroom environments have to be 
"technology ready." Anthony Ralston, 
professor of computer science and 
mathematics, commenting on why 
there were so few computing applica- 
tions in the classroom setting, noted, 
"One answer isthat most col leges and universities still do not 
have any classrooms suitable for such instruction." 8 

There is no easy solution to the amortization problem. 
Financial resources will be necessary at a time when the 
phrase "no new resources" is on the lips of most college 
presidents. A major way to minimize the financial impact of 
creating and maintaining the supporting infrastructure is to 
control its diversity. 

Observing standards, minimizing the number of com- 
puting platforms acquired and supported, and selecting a 
small number of generic software products (word processors, 
spreadsheets, database managers, communications pack- 
ages) to use on these platforms will minimize support costs 
and maximize the useful life of every piece of equipment 
purchased. Senior administrators must demonstrate leader- 
ship to achieve consensus on the need for controlled diver- 
sity and assure that funding policies for purchases support 
that consensus. The days of trying to be everything to 
everybody are gone! 

Infrastructure — peopleware 

Col leges and universities collectively invested heavily in 
their own service sectors during the 1 980s. The percentage 
of institutional operating budgets devoted to institutional 
and academic support and student services increased sub- 
stantially duringthat decade. In a similar manner, computing 
organizations grew substantially during that period. Now, 
financial constraints in higher education have created pres- 
sures on the service side of the institution. Freezes, and even 
decl ines, in staff hiring have adversely affected the academic 
support organizations on campus. This is particularly true in 
the information technology sector. Computingorganizations 
are finding that they are barely able to maintain incremental 
changes in existing environments. Fundamental changes, 
especially those requiring substantial additional personnel 
support, are not supportable at current staffing levels. 

At Hamilton, the information technology services orga- 



^nt hony Ralston, "Classroom Computing: The Promise Eludes 
Us," tDUTECH Report, February 1 992. 



nization can only support faculty who want to use technol- 
ogy in connection with student learning. Evangelism in the 
name of technology is not possible! Providing information 
about software, helpingtoarrange for demonstration copies, 
installing software in public computingfacilities, and provid- 
ing reasonable infrastructure (i.e., 
— classrooms, networks, equipment) 
is all that is possible with ( urrent 
staffing levels. Software develop- 
ment and continuing support for 
discipline-specific software must 
be the responsibility of the fa< ulty 
member. Additionally, at most in- 
stitutions it is a practical reality 
that c omputingorganizations have 
all they can do to support those 
faculty, staff, and students interested in using computing. It 
is not an effective use of scarce resources to have the 
computing staff try to convince faculty to use computing 
technology to improve student learning. Leadership in this 
area must come from the faculty and senior academic 
admi nistrators. As )ohn Kemeny said, "Faculty members are 
more likely to take advice from colleagues in the same 
department or a related department than from (computer! 
professionals." 9 

In general, more tasks formerly performed by the ( om- 
puter services organization must now be transferred to the 
individual computer user. Developing self-sufficiency must 
become an important objective for every computer user. This 
must be true for faculty who use computing in their c ourses. 
As expensive as hardware and software might seem, ulti- 
mately personnel-related costs represent the largest compo- 
nent of the use of technology. Controlling diversity helps to 
maximize available personnel resources, but encouraging 
self-sufficiency is going to be the only viable long-term 
approach to supporting tec hnology. Simply, faculty must 
becomethe primary support mechanismfor tec hnology used 
to improve student learning, if computing is actively used in 
a course, the students must see the faculty member as 
knowledgeable about it. Of course, hardware repair, soft- 
ware configuration, and network management are tasks still 
appropriately done by the computer services organization. 
Training in the use of instructional software and ongoing 
support for related questions must be something that the 
faculty member oversees. 

Developing self-sufficiency among faculty requires ac - 
cess to training, increased experience, and faculty responsi- 
bility for decision-making. Faculty who have access to 
equipment and training will develop experienc e and c onfi- 
dence over time. They must then assume responsibility for 
the decisions that relate to the use of that tec hnology. For 
example, they must work together with c omputer servic es 
organizations to make sure that students have adequate 



q "The Computer and the Campus," an interview with |ohn 
Kemeny, Videotape from the 1991 EDUCOM Conferent e. 
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training and accurate written materials that explain how to 
use the technology. It is not acceptable to "send students to 
the computer center to do their assignments/' expecting 
them to stumble along. 

Conclusion 

Using information technology to improve student learning, 
contrary to the predictions of some "reengineers," is likely to 
build on existing strengths and characteristics of the current 
undergraduate educational environment, ratherthanto radi- 
cally change it. Change will come from careful reflection 
about what aspects of teaching and learning are suboptimal, 
which applications of technology will lead to substantial 
improvements in student learning, and investing the neces- 
sary resources in these applications. 

Lessons from Camelot are that traditional methods of 
instruction are successful when used in environments con- 
ducive to student/faculty interaction and subject engage- 
ment, and using technology to create and enhance such 
environments forthe student is likely to be successful. Robert 



M. Gavin, ]r., president of Macalester College, has pointed 
out that 

... inthelongrunwe shall seethat computing has not 
changed the liberal arts environment so much as the 
liberal arts environment has changed computing. 
While many universities and technical institutions 
have hastened to modify their curricula and instruc- 
tional methods to accommodate changes in technol- 
ogy, liberal arts colleges have insisted instead that the 
technology adapt to an educational approach that has 
proven effective for the past thousand years. 10 
Major instructional surgery using information technology in 
Camelot, and in many otherinstitutionsof higher education, 
is not warranted — and more likely will lead to failure, 
disappointment, and ineffective use of scarce institutional 
resources. This doctor's recommendation is to examine your 
institution from the perspective of variances from the ideal 
learning environment— and call me in the morning. 



10 RobertM. Gavin, Jr., "The Importance of Computing at Liberal 
Arts Colleges: APresidential Perspective," in Computing Strategics 
in Liberal Art Colleges, Martin Ringle,ed. (Reading, Mass.: Addison- 
Wesley Publishing Company Inc., 1 992) 
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Community Colleges: Using Information 
Technologies to Harness the Winds of Change 

by Ronald Bleed 



■ or many decades, the landscape across America has been 
dotted with the sight of windmills attempting to capture the 
wind's force and convert it to an energized state to create 
electricity or to pump water. Similarly, the United States 
landscape is dotted with community colleges whose infor- 
mation technology agendas are attempting to capture the 
forces of change swirling around them to energize the 
mission of the community colleges. Two such forces are the 
move toward "building communities" and the "quality im- 
perative." What follows is an overview of community col- 
legestoday, an explanati on of these two major forces, and an 
analysis of how community colleges are using information 
technologies to harness the winds of change. 

Community College Perspective 

Since the first "junior" college was established in )oliet, 
Illinois, in 1901, the number of junior and community 
colleges has grown to over 1,200 institutions nationwide, 
enrolling nearly 50 percent of all the students in higher 
education in the United States, The egalitarian nature of the 
community college, epitomized by the open-door policy of 
admitting any adult wanting to take courses, has been the 
cornerstone of what is called the "community col lege move- 
ment." While elitist institutions have defined their excel- 
lence in terms that are exclusionary, community colleges 
have sought to define their excellence in the service to 
many. 1 



An open door policy and dedication to the service of 
many means that community college enrollments are con- 
tinuing to grow and that more and more services are being 
demanded. A 1991 lead story in The Chronicle of Higher 
Education predicted that 

more and more students will be squeezed out of four 
year institutions and into community colleges. ... as 
the enrol Iment pattern shifts, the qua lity and scope of 
instruction at community colleges which are already 
reeling from demands to provide basic education to 
underprepared students, will assume growing impor- 
tance. 2 

In addition to their mission of providing educational 
access to the many, community col leges are dedicated to the 
mission of effective teaching and learning. Community col- 
leges claim that they are the premier teaching institutions of 
higher education based upon the rationale that they offer 
smaller class sizes and more qualified teachers who are 
dedicated to teaching and who are rewarded on that basis. 
The mission statement of the Maricopa Community Col- 
leges, for example, illustrates this commitment to teaching: 
The mission of the Maricopa Community Colleges is 
to create accessible, effective, and affordable envi- 
ronments for teaching and learning for the people of 
our communities i n order that they may grow person- 
ally and become productive citizens in a changing 
and multicultural world. To accomplish this mission, 
the services area of the Maricopa Community Col- 



1 liuilding Communities, A Vision for a New Century, report of 
I he AAC)Os Commission on the Future of Community Colleges 
(Washington, D.C.: AACIC, 1 988), p. 1 . 
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2 "Arademic Leaders F'redirt Major Changes for Higher Educa- 
tion in Recession's Wake," Chronicle of Higher Education, Novem- 
ber 20, 1991, p. 1. 
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leges are general education, university transfer edu- 
cation, employment preparation, basic skills educa- 
tion, student support services, continued education 
and community services, and economic develop- 
ment services. 3 

Building communities 

The decades of the 60s and 70s marked dramatic growth 
rates in the number of community colleges and in the 
number ofcommunity college students. This period alsosaw 
the shift from the "junior" college 
concept, a niche in the vertical lad- r^^^^^^^^^ 
der of formal education, to a much 
expanded role of transfer education, 
operational and vocational training, 
community services, general educa- 
tion, and corporate training. 

Today, an extended definition of 
community is emerging for commu- 
nity colleges, defining community not 
only as a region to be served but also 
as a climate to be created. 4 As the Commission on the Future 
of Community Colleges has stated, "The building of commu- 
nity in its broadest and best sense encompasses a concern for 
the whole, for integration and collaboration, for openness 
and integrity, for inclusiveness and self-renewal." 5 

Community colleges have long recognized the need to 
empowerthe individual and most programs have been built 
upon educating and training the individual. However, em- 
phasis on individualism can have its downside, causing self- 
centeredness, divisiveness, and selfishness. In Habits of the 
Heart, Robert Bellah observed, 

Since World War II, the traditions of atomistic indi- 
vidualism have grown stronger, whilethetraditions of 
the individual in society have grown weaker. The 
sense of cohesiveness is lost. As never before, the 
nation needs institutions that recognize not only the 
dignity of the individual but also the interests of the 
community/' 

Community colleges attempt to balance the interests of the 
individual with the interests of the community. 

The Commission on the Future of Community Colleges 
strongly argues that teaching is at the center of building 
communities: "Teaching isthe heartbeat of the educational 
enterprise, and when it is successful,, energy is pumped into 
the community, continuously renewing and revitalizing the 
institution." 7 



Today, an extended definition of 
community is emerging for 
community colleges, defining 
community not only as a region 
to be served but also as a climate 
to be created. 



^Mission Statement of the Maricopa Community College Ois- 
trirt, 1S87. 

A Hui\ding Communities, p. 7. 
'ibid. 

'•Robert Bellah, Habits of the Heart (New York: Harper & Row, 
198S),p. 109. 

7 Huilding Communities, pp. 7-8. 
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Within the concept of "building communities" are six 
major and interrelated themes: 

♦ a partnership for learning between students and faculty. 
To develop and maintain this partnership, community 
colleges must recognize the changing demographics of 
students and must keep their doors open to all students 
to prevent the fracturing of America, both socially and 
economically. In addition, the recruitment, renewal, 
and professional development of high quality faculty is 
essential to the partnership for learning. 

♦ a curriculum which is in synch 
— with the community. This cur- 
riculum includes the essential 
literacy proficiencies, the hu- 
man heritage, technical and 
career related competencies for 
the information age, and life- 
long education. The challenge 
of rapid change tothe individual 
and to the community must be 
met by the curriculum. 

♦ quality instruction in the classroom. New approaches to 
learning, such as collaborative techniques and the use of 
technology, should be used along with the reinforce- 
ment of existing approaches such as smaller class sizes, 
rewarded faculty, and active learning processes. 

♦ the extension of the community beyond the classroi >m. 
A larger vision of the community college is required for 
this theme to be successful. Extension of the community 
means that student service activities are joined with 
curricular activities, and recognition thatthe community 
is no longer a small geographic area, but is now the 
world. 

♦ connections beyond the community college. Partner- 
ships with K-12 feeder schools and universities are 
essential. Alliances with businesses, labor, and eco- 
nomic development agencies should also be cultivated. 

♦ leadership for a new century. Building communities 
requires creative, visionary leaders. Community college 
presidents and other top administrators must accept this 
challenge and develop the leadership skills required to 
guide others into the new century. These leaders must 
also recognize and commit themselves and thei r organi- 
ze ons to total quality in their institutions. 

Quality imperative 

The powerful force of the "quality imperative" is the 
second major force seen swirling above the community 
college landscape. The concept of TQM (Total Quality 
Management) isa populartopicforthe renewal of American 
corporations and that same quality momentum is beginning 
to influence higher education in America. According to 
another Chronicle of Higher Education article, 

Campus administrators have experienced a mindset 
change as retrenchment has led them to incorporate 
techniques like strategic planning and total quality 

?9 
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management to increase the efficiency and produc- 
tivity of employees. ...We will be applying a lot of this 
to the academic program. 8 

The CEOs of six major companies last year issued an 
open letter to higher education, in which they asked for a 
broader participation in what they called "the campaign for 
change." This is their challenge: 

We believe business and academia have shared 
responsibility to learn, to teach, and to practice total 
quality management. If the United States expects to 
improve its global competitive performance, busi- 
ness and academic leaders must close ranks behind 
an agenda that stresses the importance and value of 
TQM. 9 

Three objectives that were stressed by the corporate CEOs 
are to identify core knowledge generic to total quality, to 
develop a total quality academic research agenda, and to 
develop faculty understanding and commitment to TQM. 10 
What are the key principles of quality management? The 
United States General Accounting Office has made a defini- 
tive study on quality management. They cited several funda- 
mental elements common to all quality management envi- 
ronments: 

1 . A visionary, committed leadership and a team willing to 
lead the improvement effort. 

2. A redefinition of internal and external customers with 
the understanding of customer expectations and a com- 
mitment to satisfy them. 

3. Empowerment of all employees with a spirit of team- 
work, innovation, risk-taking, and problem-solving. 

4. Use of measurement to assess progress toward meeting 
objectives. 

5. Open communication channels and open corporate 
culture. 

6. Development of a quality education and training pro- 
gram. 11 

The quality imperative is as important for community 
colleges as it is for corporate America. The promise of a new 
way of thinking, planning, and managing may not only help 
to facilitate the "building communities" agenda but it may 
also be the paradigm for survival in the next decade. 

Paul Eisner, Maricopa Community Colleges Chancellor, 
takes the total quality management program a step further 
with this definition of "quantum quality." He says that 
quantum quality means that an organization has reached the 
highest state of effectiveness when its functions, its services, 
its goals, its resources, and its deployment of energy, time, 



""Academic Leaders Predict Major Changes," p. A3 6. 
^Robinson et al., "An Open Letter: TQM on the Campus," 
Harvard Business Review, November/December, 1 991 , pp. 94-95. 
,0 ihid, p. 95. 

1 } United States General Accounting Office, Quality Managing 
Scoping Study, December 1 990. 



and effort are aligned complementarily and continually 
reinforce themselves. He points out that quantum quality has 
similar characteristics to TQM, but quantum quality takes 
into account our values and our relationship to broader 
community needs and values. It has the institutional health, 
betterment of lives, and a greater function of society as its 
larger ends. 

Information Technology Responses 

If the forces of "building communities" and the "quality 
imperative" are so crucial to the future of community col- 
leges, the question is how can community colleges use 
information technologies to capture these forces and de- 
velop an energized state characterized by effective teaching 
and learning? What are some of the possibilities? Are infor- 
mation technologies properly positioned to contribute tothe 
success of students in the coming decade? 

Information technologies are being used in seven waysto 
energize community college environments, each of which 
captures the essence of building communities with quality 
imperatives: teamwork systems, classroom/laboratory sys- 
tems, student-centered systems, remote learning systems, 
school connections/partnership systems, faculty-empower- 
ment systems, and information access/research systems. 

Teamwork systems 

The value of new learningapproaches such as classroom 
research and collaboration are being explored in community 
colleges. One advocate of these approaches is Dr. Iohn 
Seely-Brown, who has defined new paradigms for learning. 
"Collaborative memory," built upon shared creation of indi- 
viduals, and "transition memory," built upon access to 
specialists, are the two key components he describes. Both 
of these concepts are practiced in community colleges today 
through the use of electronic communications. 12 

Dramatic results in support of such collaborative learn- 
ing have been achieved at the Maricopa Community Col- 
leges by the use of one piece of computer software. Elec- 
tronic Forum is a computer conferencingsystemdesigned by 
Maricopa systems professionals specifically for interaction 
among students and faculty. New patterns of communica- 
tion occur because students who are shy or who hesitate to 
communicate verbally discover a real comfort with this new 
style of electronic communication. Within the Maricopa 
Community Colleges, use of Electronic Forum has grown to 
20,000 students. The system is heavily used by the English 
classes to help students learn to write better and by many 
other disciplines for collaborative writing and general com- 
munication. 



,2 MelanieZibil Goldman, "TheClassroom — A Virtual Commu- 
nity," presentation at 1991 CAUSE annual conference, December 
4,1992. 
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Outside of the classroom, electronic communication 
has also provided a meeting place for students to discuss 
issues and ideas. In community colleges, where most stu- 
dents are commuters, the electronic medium has been 
effective in giving the commuting student a forum in which 
to experience the same kind of discussions that residential 
students enjoy in dormitories or student unions. 

Another example of how i nformation technology can be 
used for collaborative learning can be seen in the way in 
which at-risk students are paired with 
advanced students. As economic de- - 
velopments continue to unfold dur- 
ingthe90sand increasing disruptive 
pressures occur, the dichotomy in 
society between the "haves" and the 
"have nots" will continue to increase. 
The same division will occur in edu- 
cation and the gap between the privi- 
leged and the underprepared stu- 
dent will continue to grow. To over- 
come this enlarging gap, some fac- 
ulty at Maricopa have proposed no- 
tions about pairing the underprepared student with the 
technically advanced student on powerful computer work- 
stations. Gene Schmidt, a psychology faculty member at 
Scottsdale Community College, claimsthat this pairing would 
lead to a new means of social engagement for these students. 
Both groups would ask each other different kinds of ques- 
tions and add unique strengths to their computer pursuits. 

Still another exampleofusinginformation technology to 
give students insight intothe mode of thinking of others isthe 
way in which community colleges are using electronic 
communication to internationalize the curriculum. Thetech- 
nology response to globalization is just beginning to emerge 
with the recent establishment of international networks. 
Students are beginning to communicate with students in 
other countries through the use of BITNET or the Internet. 
Throughout the world, these students are beginning to access 
libraries and databases at remote locations. The effect of this 
new form of communication is very beneficial for some 
community college students. For example, in an English 
class at Mesa Community College, students were required to 
prepare their papers electronically and then send them to 
two international readers to comment on the writing of the 
student. By doing their assignments in this manner, the 
students were able to obtain new perspectives and gain new 
information. Because the document was to be reviewed by 
international readers, the Mesa students were motivated to 
achieve far greater results with their writing. 

Classroom/laboratory systems 

A frequently quoted observation of author Tom Peters is, 
"What gets measured, gets done." Patricia Cross, a highly 
regarded expert on community colleges who is on thefaculty 
at Harvard University, has advocated that faculty become 
researchers for their own classes, using a series of tools and 
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techniques to examine the quality of their teaching from 
student interactions. The key principle is that measurement 
must be done "by" the faculty member rather than "to" the 
faculty member. Maricopa has developed such a sophisti- 
cated computer system that monitors the progress of a 
student within a course. That measurement of progress is 
made available in an online form to both the instructor and 
the student The system also automates the syllabus, the 
calendar, testing, and electronic mail. 

A 1990 study published by 
EDUCOM reported that community 
colleges had a better ratio of public 
access computers per student 
(1 :45.6) than any other segment of 
higher education. 13 These comput- 
ers are often housed in large multi- 
discipline labs. While many univer- 
sities have begun to shift the cost of 
computing onto the student by re- 
quiring their personal purchase, 
community colleges have main- 
tained concern for the students who 
will always need access to public labs because they cannot 
afford one of their own. 

In the future, the emphasis of these labs should shift from 
using the computer as an object of instruction or a word 
processingtool to providi ng instructional delivery of curricu- 
lum content. The new equipment will need to have multime- 
dia capability to accommodate the many learning styles of 
the students. In addition, these labs will be increasingly used 
to support or provide open-entry/open-exit courses. In this 
format, the student starts and ends the course upon achieving 
the competencies required in a time period determined by 
the student. Thisformat has provided "just-in-time" learning 
by allowing the student to acquire the knowledge in a 
condensed time period just before it is needed. 

Student-centered systems 

Traditionally, student service systems have been de- 
signed to provide information to college administrators 
about students for record-keeping purposes. Today, the need 
is emerging for student services systems to be better aligned 
with instructional programs and to provide direct benefit to 
students. 

In community colleges, technology is used to increase 
student satisfaction. The student services functions of admis- 
sions, registration, financial aid, and advisement are greatly 
supported by computerization. The concept of "one-stop" 
services using online, computer-based systems originated in 
community colleges. Convenience and flexibility are re- 
quired and demanded by today's students. 



"Kenneth C. Green and Skip Eastman, "Access to Computing: 
How Many Computers and Where Do We Put Them?" EDUCOM 
Review, Summer 1 991 , p. 60. 
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In response to these student demands, kiosks, CWIS 
(Campus-Wide Information Systems), and voice response 
systems have begun to appear on college campuses. They are 
a forerunner of a new generation of systems that will be 
centered upon the needs of students. 

Remote learning systems 

Community colleges have long been the leaders of the 
distance learning movement using broadcast telecourses, 
correspondence courses, and courses offered by video and 
audio cassette. Today, distance learningthrough interactive 
digital video holds great promise. 

A major dilemma facing two-year colleges is that the 
curriculum is increasingly becoming a "first-year" program. 
With budget problems growing, the 
ability of community colleges to of- 
fer lower enrollment, second-year 
classes will decrease. A potential 
solution to this problem is to offer 
these courses at one college and 
distribute them electronically to 
other colleges. With two-way inter- 
active video, the instructor and stu- 
dentscanhearandseewhat ishappeningatall locations. The 
classroom is electronically extended tocolleges which could 
not have offered those courses to their students otherwise. 

Still another exciting technological advancement with 
implications forthe distant learner is the notebook computer. 
The size of \\ ese uni f s is shrinking, along with their cost, 
making them more practical and more affordable to students. 
When notebook computers are connected to the technology 
infrastructure of a college, the learning process for students 
will be improved. 

The concept is that a student could use a notebook 
computer at college, at home, or at work to periodically 
"dock" with the college computer network to receive and 
send communications, to receive instructional material, to 
access library information, to view information about stu- 
dent progress and student services, and to use the computer 
as a tool for word processing, spreadsheets, databases, and 
other functions. 

Scottsdale Community College began to experiment 
with this concept in the fall of 1 991 . A computer was loaned 
to an adult student who had returned to college after being 
laid off from an electronics job. In an informal report to me, 
he commented: 

Having the computer, modem and printer is a fantas- 
tic aid to me. Without them, I would have spent much 
more time away from my family — in computer cen- 
ters, in libraries, in lines. I estimate that your gift has 
saved me at least 1 0 hours per weekthis semester, not 
to mention commuting costs and hours of typewriter 
frustration. ... Having a computer at home has in- 
creased my abilities. It's like the difference between 
horseback travel and jet plane travel. 



The empowerment of faculty is the 
cornerstone of any future success in 
using technology in effective teaching 
and learning. 



The significance of this student's experience is that he 
saved himself 1 0 hours a week of valuable time by using only 
a portion of the potential capabilities of the computer. In 
community colleges, where students have many outside 
commitments, this time-saving factor has the potential of 
great success and acceptance. 

School connections/partnership systems 

In January of 1 992, the Maricopa Community Colleges 
received the prestigious Anderson Medal from the Business 
and Higher Education Forum. Maricopa received this award 
because it created the "ThinkTank," a partnership within the 
City of Phoenix joining elementary schools, high schools, the 
community college system, and business and industry. 

Working together, these organ iza- 
— " — tions created several projectstohelp 
students stay in school and succeed 
in graduating. A very visible Think 
Tank project was the computerized 
student tracking system used totrack 
high school students enrolled in spe- 
cial programs. A similar system is 
also being used to track the progress 
of minority elementary and high school students involved in 
a major National Science Foundation program. 

The connection of schools by electronic networks helps 
break the political barriers between organizations, inspires 
new possibilities, and helps the students. 

Faculty empowerment systems 

The empowerment of faculty is the cornerstone of any 
future success in using technology in effective teaching and 
learning. The most important result of empowering commu- 
nity college faculty with technology is what Maricopa Chan- 
cellor Eisner calls "the metaphor for change." When properly 
introduced into the college community, the new technology 
becomes a major source of pride for the institution. Faculty 
see the potential of information technology and become 
excited about itsapplicationtotheirteaching. Becauseof the 
institution's investment in new equipment, the faculty per- 
ceive that the college is interested in the future. Faculty are 
brought together to share their experiences and expertise, 
resulting in the development of a whole new common 
ground. All of this leads to a revitalized attitude toward the 
institution, the students, and teaching and learning. 

Duringthe 1980s, many faculty became computer liter- 
ate and successfully used computers in office automation 
activities.Theissuenowishowto raise the faculty tothe next 
plateau above basic computer literacy. If faculty are to use 
the technology to deliver segments of the curriculum, they 
will need to have available modern, multimedia technology 
and participate in intense training efforts. 

As object-oriented programming emerges, the old ratios 
of 40 hours of programming time to produce one hour of 
classroom material will disappear and be replaced with 
more cost-effective ratios. Faculty will become directly 
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involved in the creation of the software. The flexibility of 
community colleges to develop new curricula, the reward 
structure for community college faculty which emphasizes 
teaching rather than publication, and the commitment to 
students held by community colleges should enable them to 
empower their faculty better than other segments of higher 
education. 

Information access/ research systems 

In the future, with ever-expanding knowledge databases 
and the volume of information increasing daily, it will be 
imperative that students learn howto access vast amounts of 
information. Technology and libraries are rapidly coming 
together to provide an easy and effective means of access, 
raisingthe prominence of the college library in the teaching 
and learning process. 

Estrella Mountain Community College Center, currently 
underconstruction within the Maricopa Community Col lege 
District, will feature an integrated large-scale library and 
computer commons as the centerpiece building of the cam- 
pus. Other libraries within the Maricopa system are also 
being remodeled to combine computing and library ser- 
vices. 

The American Library Association Presidential Commit- 
tee on Information Literacy has recommended: 

We all must reconsider the ways we have organized 
information institutionally, structured information ac- 
cess, and defined information's role in our lives at 
home, in the community, and in the workplace. ... 
The better use of information and related technolo- 
gies will install a love of learning, a thrill in searching, 



a joy in discovert ng, and teach young and old to know 
when they have an information need and how to 
gather, synthesize, analyze, interpret, and evaluate 
the information around them. 14 

Summary 

America 2000 calls for the restructuring and revitalization of 
the nation's educational system. Community colleges can- 
not ignore the demands that will be placed on them for 
change. The cross currents of "building communities" and 
"quality imperative" will require technology responses such 
as those described here to capture this energy. 

The new technology can help create new learning 
communities which empower students with the ability to 
learn what will be needed in the future. Technology can 
create an infrastructure in which students can work individu- 
ally or collaboratively to gain the understanding needed for 
success in the 90s and beyond. 

This energy can also transform the organization called a 
community college into one that promotes teamwork, fo- 
cuses on its students' needs, oerves its new vision of commu- 
nity, and is continually evaluating itself so that improve- 
ments can be accomplished. 



14 American Library Association Presidential Committee on In- 
formation Literacy, Fina I Report, January 1 8, 1 989 (Chicago: Ameri- 
can Library Association, 1 989), p. 11 . 
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Comprehensive Universities 
Refocusing for the Next Century 

by Thomas W. West and Stephen L Daigle 



Several social, political, and technological "sea changes" 
have taken place in various facets of the global society within 
the past two decades, especially the last three years. On the 
surface, these changes appeared suddenly, happened swiftly, 
and often left chaos in their aftermath. However, upon closer 
examination, the seeds of change had been planted long 
before and the roots had been gestating for some time. 

In most instances, the chaotic fallout which resulted 
from these revolutions was caused by two factors. First, the 
stimuli for the change came from external forces or from 
groups who were not in a position to pred ict or plan for a new 
environment. Second, those within the organization who 
could make the changes ignored the signals and were 
unwilling to recognize the magnitude of reform needed to 
survive. Consequently, there was no articulation of a target 
environment for the future and there was no strategic plan- 
ning for transitioning to such an environment. 

So far the higher education enterprise has not been 
subjected to a "sea change" of the magnitude experienced by 
the likes of the steel and now the automotive industries. 
Currently, the public is focusing on the K-12 system with 
calls from all quarters in society for major restructuring of that 
system. Similar calls still are dim echoes for most of higher 
education. Yet, once again, the social, political, and techno- 
logical seeds leading to major overhauls in the higher 
education enterprise have already been planted. The public 
comprehensive university is most vulnerable to these exter- 
nal forces because of its significant dependency on state 
funding and its lark of a clearly defined support constitu- 
ency. At the same time it is possibly in the best position to 
make the necessary changes to meet the educational needs 
of future learners because it has been an evolving institu- 
tional type throughout its history. 

The initial impetusforthe publiccomprehensive univer- 



sity was the democratization of higher education after World 
War II with many more people of all ages seeking a college 
education. This movement wasfueled by the "Great Society" 
era of the 1 960s and the increased federal and state funding 
of the institutions and financial aid to individual learners. 
While new institutions were created during that period — 
both community colleges and four-year colleges — some 
existing state and municipal institutions, with special mis- 
sions in teacher education, engineering, technology, and 
liberal arts, were reengineered into comprehensive colleges. 
In most instances, these institutions were brought together 
under a single statewide governance system. 

Otherwritersinthiscollectionofessayson reengineering 
teaching and learning have characterized the liberal arts 
college asa "Camelot" where the learner engages the faculty 
and fellow students in intimate discourse; the research 
university as a "sheltered grove" where knowledge is propa- 
gated, created, and applied; and the community college as 
a "windmill" where the changing educational needs of 
individual learners and the public service needs of agencies 
in the local community are met with appropriate program 
offerings. 

By contrast, overthe past thirty years the comprehensive 
university has been constantly reengineering itself. Initially 
the emphasis was on homogenizing the teaching missions of 
the various colleges which comprised the statewide system. 
In the 1 970s attention turned to becoming universities with 
attempts to move towards the research mission. Some suc- 
ceeded, but most have not. 

Today, this type of institution might be characterized as 
the "mall" of higher education where learners stop in and out 
and have choices from a wide range of academic programs 
designed to prepare them for the professional and technical 
workplace or for graduate education. 
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How can comprehensiveuniversities strategically lever- 
agetheusesof information resources and technology to meet 
both immediate and long-range challenges stemming from 
projected enrollment growth and increasing fiscal con- 
straints? This essay describes how one major multicampus 
system of comprehensive universities — The California State 
University System— is responding to this challenge. 

Information Resources and Technology at CSU 

Throughout its first quarter century (1 960-1 985) the manage- 
ment of information resources and technology in the Califor- 
nia State University emphasized highly centralized planning 
and control with a central focus on library and media 
materials, computing software and equipment, information 
resources staff, facilities, and funds. In effect, it was a "thing- 
centered" approach, or a Ptolemaic view of the world in 
action." 

During this period, the functions of planning for and 
delivery of information resources and technology developed 
under a number of diverse, separate organizational rubrics, 
including computing (aca- 
demicandadministrativecom- 
bined), libraries, media ser- 
vices, and data communica- 
tions. So long as these func- 
tions depended on different 
technologies, the distinct cam- 
pus and system-wide organi- 
zational structures which 
guidedtheir development were 
effective. Whilethese functions 
were separate and distinct on 
each of the campuses, within 
each function there was a high 
degree of uniformity and/or 
commonality across all the 
campuses. Much of the com- 
monality was forced by strong 
central state regulations and 
CSU system-wide policies of 
control and, in some instances, 
centralized management. 

This highly central ized and 
state-controlled approach to 
computing and communica- 
tions development in the CSU 
continued until 1984. In that 

year, the CSU finally secured exemption from the state 
regulations that had control and approval authority over all 
CSU computing and telecommunications matters. 

During this same era, central CSU library strategies and 
some central library management existed. Major library 
automation endeavors were launched and managed out of 
the chancellor's office. While there wasnot a similar central- 
ized management approach to media services, this function 



was always inhibited in its development by the lack of 
sufficient state funding. 

In 1 985 CSU gained independence from state rules and 
regulations which governed the development oftechnology. 
It set up its own Information Resources Management (IKM) 
program. Since then the focus of the CSU IRM program has 
been on the needs of the individual, as reflected in the 
program's single goal: 

Improve the intellectual productivity of each partici- 
pant—the students, the faculty, the administrators, 
and the staff— by the effective integration and use of 
technology in carrying out the instructional, research, 
and public service missions of the University. 
In essence, the CSU IRM program shifted from a "thing- 
centered" emphasis to a "person-centered" thrust, or a 
Copernican view of the world. 

The CSU IRM program has emphasized that each cam- 
pus is to be responsible for planning, developing, imple- 
menting and operating its own information and technology 
environment. Initially, at the system-wide level the new CSU 
IRM program encompassed only academic computing, ad- 
ministrative systems, and data/ 
voice communications. Over 
theyearsthefunclions of video 
communications, library, me- 
dia services, and instructional 
technology have been added. 
At the campus level, the de- 
gree of integration varies 
widely. Some campuses have 
a )nsol i dated the ma nagement 
of most of these functions 
while other campuses have 
only improved campus-wide 
coordination among these 
functions. 

The major objectives dur- 
ing this period were to (1) 
provide students and faculty 
access to information tech- 
nology tools, particularly per- 
sonal c.omput ing; (2) build the 
intra-campus and inter-cam- 
pus networki ng infrastructure 
to enable the faculty and stu- 
dents to gain access to infor- 
mation and computing re- 
sources across the campus, 
throughout the CSU, and ex- 
ternal to the system; and 0) continue in sharing resoun es 
among campuses, only now the stimulus for cooperation 
comes from the campuses and not by mandate from the 
chancellor's office orthe state. Given the scare ity of funding, 
the CSU campuses have been only modestly sue c essful in 
achieving these objectives. 



The California State University System 

TheCalifornia State University wasformedin 1960 as 
part of the State's three-tier master plan for higher 
education. The primary mission of the CSU, at its 
founding and today, is to provide a broad range of 
undergraduate instructional programs and a limited 
number of masters level programs to qualified stu- 
dents. In general, thetop one-third of the high school 
graduating class is eligible for undergraduate admis- 
sion. 

The CSU is the largest senior institution of public 
higher education in the nation. It includes twenty 
campuses, morethan 360,000 students, and approxi- 
mately 21,000 full- and part-time faculty. The cam- 
puses span a geographic distance of nearly 1,000 
miles, ranging in size from 5,000 students to more 
than 35,000. Roughly 9,000 students attend classes at 
eight off-campus sites. Most students in the system 
commute or live within a few miles of campus — total 
residence hall capacity accommodates only about 
20,000 students— -and in increasingnumbersthey are 
older and ethnically and racially more diverse. 
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The Future: Strategies for Refocusing at CSU 

The evolution of the CSU IRM program has been the direct 
result of merging the technologies that underpin these vari- 
ous information resources and technology functions of the 
University. Today,the CSU IRM isfocused on enhancing and 
maintaining the quality of information resources and tech- 
nology capabilities throughout the CSU. Several short-range 
initiatives and two major long-range projects have been 
designed to help refocus the institution. 

Short-range initiatives 

In April 1990, the Board of Trustees adopted a policy 
framework for instructional technology and endorsed the 
pursuit of twenty-one initiatives in The Student, the Faculty, 
and the Information Age: The Rower of Technology, a report 
by the CSU Commission on Instruc- ^ _ 
tional Technology. 1 These initiatives 
have four interrelated foci: (1 ) infus- 
ingthe curriculum, (2) strengthening 
the faculty, (3) engaging the students, 
and (4) developing the infrastruc- 
ture. 



Infusing the curriculum 

information technology which 
permits modeling, stimulation, com- 
munication, and rapid calculation has begun to transform 
the theory, content, and practice of growing numbers of 
academic disciplines. According to the report of the Com- 
mission, technology also holds the promise of greater effec- 
tiveness in both teaching and learning: 

The infusion of information technology into the 
teaching/learning process presents opportunities and 
challenges. To achieve an appropriate infusion of infor- 
mation technology involves understanding and match- 
ing the general states of the learning process, the charac- 
teristic s of the students, the basic characteristics of the 
material to be learned, and the information technology 
methods to be employed in each of the academic 
program disciplines. 

Thechallengestoproceedingwithinfusinginfor- 
mation technology into the curriculum are many, 
including: 

• finding, adapting, developing, and accepting 
pertinent applications software and courseware; 

• gaining access to fully developed and flexible 
knowledge bases; 
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• providing the faculty incentives and rewards for 
remaining technologically current in their own 
disciplines and integrating appropriate informa- 
tion technology into their courses and related 
support services for students; 

• seeking modifications to existing federal copy- 
right and intellectual property laws and related 
CSU policies in order to facilitate making valu- 
able information readily available to the faculty 
and students; and 

• ensuring that students have access to the hard- 
ware and techniques that they will need as pro- 
fessionals in their respective academic disci- 
plines. 

The Board of Trustees endorsed six initiatives aimed at 
nfusing the curriculum with technology, dealing with the 
following issues: modification of 
procedures for reviewing degree 
programs; integration of informa- 
tion technology into course deliv- 
ery; faculty incentives and rewards; 
copyright and intellectual property 
laws and regulations; expansion of 
the system-wide academic disci- 
pline technology councils; and de- 
velopment mechanisms for CSU 
technology transfer. 
The individual campuses have the lead on the first two 
initiatives and progress has been slow but steady. Nothing 
has been done to alter the current faculty rewards system. 
The CSU is looking to the Coalition for Networked Informa- 
tion 2 for leadership in dealing with copyright and intellectual 
property issues, and plans to deal with the technology 
transfer initiative through its system-wide academic technol- 
ogy discipline councils. 

Strengthening the faculty 

The Commission's report also identified new faculty 
needs in the information age that universities must meet: 

• ongoingtraining opportunities to remain techno- 
logically current in their academic disciplines; 

• personnel support services such as reference 
librarians, media specialists, instructional sys- 
tems developers, computing consultants, and 
equipment technicians to assist them in gaining 
access to and effectively using information and 
instructional technology; 

• an appropriately configured scholar's worksta- 
tion located in the faculty office which is linked 



1 The Student, the Fa ulty, and the Information Age: The Rower 
of Technology, The California State University Commission on 
InslriK tional Tec hnology (Seal Beac h, Calif.: The California State 
University System, 19^0). This doc ument is also available to 
( AUSEniemhersthrcuightheCAUSEExc hangeLihraryas(:SI0O389. 



'The Coalition for Networked Information was formed hy the 
Association of Research Libraries, CAUSE, and EOUC iOMin March 
1<W0 to promote the creation of and ac c ess to information re- 
sources in networked environments. 
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to libraries, shared computing resources, knowl- 
edge bases, media centers, and colleagues on 
campus, across the campus and externally via an 
integrated network of voice, data, and video; 

♦ educational resources such as computer-medi- 
ated software/courseware, printed materials, and 
knowledge bases; 

♦ resources and policies to encourage faculty to 
develop software and courseware that will en- 
hance the university's role in using cutting-edge 
instructional technology; and 

♦ technologically sophisticated classrooms and 
laboratories that will facilitate teaching and re- 
search that supports the teaching mission. 

The Board of Trustees endorsed four initiatives in this 
area. One initiative focused on finding ways to facilitate 
faculty development in the uses of technology through 
campus and system-wide activities. The other three initia- 
tives call for revising and updating the budget formulas for 
faculty desktop technology, library materials (including ac- 
cess to external databases), and media services/instructional 
development. Lack of special funding has slowed the first 
initiative and the state's financial crisis, coupled with CSU's 
proposed revision of the budgeting process, has suspended 
efforts to implement the others. ^^^^^^^^^^ 



Engaging the students 

The CSU believesthat since today's 
university students will comprise 
tomorrow's workforce and productive 
citizens in society, as learners they must 
acquire basic knowledge, embed that 
knowledge, integratethe new facts with 
their existing concepts, and test the implications of those 
concepts. The goal is to become well prepared and highly 
skilled to be intellectually productive in the workforce and 
informed citizens in the community. Their intellectual pro- 
ductivity should be enhanced upon entering the university. 
Student needs were determined to include 

access to student information technology worksta- 
tions, located in computing laboratories on campus, 
at off-campus centers, and at their homes and/or 
places of work that are linked via networking to the 
faculty and to thelibraries, computing resources, and 
media centers, and to external knowledge bases that 
are pertinent and essential to their learning experi- 
ence. 

The Board of Trustees endorsed three initiatives in this 
area. One initiative calls for the pursuit of state funding of 
student access to information technology. While there has 
been little success in securing operating funding, there has 
been success ingetting equipment fundingand space viathe 
capital budgets. 

A second initiative calls for developing technology- 
based learning pro( esses. Most of this activity is taking place 
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at the individual faculty level. Until last year there was 
special funding for such innovation. 

The final initiative calls for each campus to develop a 
comprehensive technology plan to meet the needs of the 
students. With varying degrees of integration and success 
every CSU campus produces an annual information re- 
sources and technology plan. 

Developing 'the infrastructure 

If technology is to be integral to the university's mission, 
an appropriate and comprehensive infrastructure must be 
developed. The Commission proposed that such an infra- 
structure should consist of: 

♦ an integrated technology environment that links 
the individual participants (faculty, students, staff, 
and managers) to the knowledge bases and tech- 
nology tools they need to be intellectually pro- 
ductive in their respective roles; and 

• a coherent management approach to ensure ef- 
fective planning and efficient utilization of the 
information technology resources and services. 

The Board of Trustees endorsed seven initiatives, deal- 
ing with such issues as organization, budgeting models, 

physical plant standards, and 

intra-campus, inter-campus, 
intersegmental, and external net- 
working. Significant progress is 
being madeon each ofthe initia- 
tives associated with infrastruc- 
ture. For example, the chan- 
cellor's office was reorganized 
based on the recommendations 
in the report; CSUnet has been enhanced substantially since; 
the report was issued; standards for libraries and classroom 
structures have been established; and efforts are now under 
way to influence the impending changes in the CSU budget- 
ing system. 

Long-range strategies 

in November 1 991 , the CSU chancellor organized the 
Commission on Learning Resources and Instructional Tech- 
nology, charging it with developing policy guidelines and a 
strategic plan in two major areas — distance education and 
the library and media services. As a consequence, the 
Commission has launched Project Delta and the Libraries of 
the Future Project. 

Project DELTA 

Project Delta— Direct Electronic Learning Teaching Al- 
ternative—is an important new strategy to help meet the 
projected student enrollment increases over the next two 
decades in the CSU. The project's goals are to greatly 
increase the role of technology in educ ational delivery by 
expanding existing CSU campus efforts and by promoting 
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multi-campus cooperation in technical and programmatic 
areas. 

Like its symbol, Project DELTA is about change. It 
envisions alternatives to the current way of teaching and 
learning among the twenty campuses of 
the CSU system. It builds on the long 
history and traditions of academe within 
the context of long-term fiscal chal- 
lenges and significant enrollment in- 
creases projected for the next two de- 
cades, and the conditions and opportu- 
nities for change which they imply. It 
suggests that solutions to these issues 
lie, at least partially, in developing and 
implementing an effective teaching and learning delivery 
environment using the learning tools of emerging informa- 
tion technologies. 

An important assumption of the project is that the 
teaching and learning paradigms of the information age may 
be significantly different from those of previous generations, 
and that the educational needs of learners and scholars may 
require major changes in how knowledge is created, stored, 
transmitted, and acquired. The teaching and learning uni- 
verse of the information age assumes that boundaries of 
place and distance become less important as demands of 
time and access for the individual become more important. 

The need for Project DELTA stems from four interrelated 
sources: individual, institutional, political/social, and tech- 
nological. Together they form a network of internal and 
external pressures on the CSU which may challenge many 
traditional assumptions, policies, and practices concerning 
the nature of higher education in the next century. 

Individual expectations and demands concerning the 
nature and delivery of educational services are changing, 
largely in response to technological innovations. Increas- 
ingly, institutions of higher education will be expected to 
offer instructional and support services based on the conve- 
nience of consumers rather than that of campus constituen- 
cies. Education which is truly learner-centered may be 
delivered directly to the individual at a time and in a place 
determined by the learner. Personalized instruction of this 
nature depends on sophisticated delivery systems and por- 
table learning tools made possible by the revolution in digital 
electronics. 

Institutix)nal pressures include enrollment growth, facil- 
ity deficits, faculty supply, and fiscal retrenchment. System 
enrollments are projected to increase by approximately 
140,000 to 170,000 students by the year 2005. Current 
estimates suggest that roughly 50,000 students will have to 
be accommodated through means other than the existing 
twenty campuses or academic calendar (i.e., off-campus 
( enters, instructional technology, year-round operation) once 
current and planned facilities are filled to capacity. 

During this same period, fourteen of the existing twenty 
campuses are projected to reach their physical limits, dictat- 
ing the need for additional campuses in those areas, or new 
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modes of service delivery. The facility needs or the sysrem as 
a whole would require building rhe equivalent of a 1 0,000- 
student campus each year for the next fifteen years. The 
current five-year Capital Outlay Plan projects an average 

annual budget of $405 million, 
yet funding for capital projects is 
based on voter approval of bond 
propositions, which face increas- 
ing opposition and uncertainty. 

Faculty resources are no 
more secure. Like all other insti- 
tutions in the nation, the CSU is 
in the process of replacing an 
entiregeneration of tenure-track 
faculty. The system is pi -ejected to hire almost 1 2,000 tenure- 
track faculty over the next twelve years. However, the largest 
source of new faculty, recent Ph.D. graduates, has not 
increased in numbers for more than a decade. 

Finally, few economic scenarios for public sector insti- 
tutions are positive, if recent studies are accurate. Given a 
host of structural obligations (notably, corrections, welfare, 
and debt service on general obligation bonds), the gap 
between state revenues and expenditures is projected to 
grow steadily worse during the 1990s. 

These four issues — enrollments, facilities, faculty, and 
public revenues — individually and collectively are stimu- 
lants for a new way of thinking about higher education. Each 
is a major challenge, requiring responses that are equally 
profound. 

Political/social pressures, too, are reaching new levels. 
Higher education is one of the few institutions in American 
society that historically have maintained widespread public 
confidence. Yet legislative demands for accountability and 
efficiency dictate exploring all reasonable altern v.. ives for the 
delivery of higher education services. Feasibility studies and 
cost-benefit models amount togood political aswell as good 
economic sense. Greater flexibility and convenience in 
instructional and support service delivery offer means for 
maintaining public support in a consumer-driven market. 

Technological resources include the broad fabric of 
technological change, economic dislocations, and changes 
in cultural values and lifestyles. The recent "marriage" of 
computing and various forms of telecommunications can be 
expected to increase the scope and pace of technological 
innovation almost beyond imagination. The revolution in 
digital electronics is transforming the nature of work in every 
business and institution. It is unlikely that higher education 
can stand apart from these currents of change if it plans to be 
one of the nerve centers of the information age. Emerging 
multimedia technologies and communications networks 
can make learning more convenient, efficient, and effective 
while broadening access far beyond the constraints of time 
and place. 

All of these pressures point to a need for alternatives to 
traditional academic customs and practices. The very forces 
that are rendering traditional forms obsolete contain the 
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seeds for workable alternatives. The missi ng links are a vision 
of an alternate future and a plan to make it happen. Project 
DELTA is a proposed response to that challenge. 

As stated, Project DELTA is designed to envision and 
develop alternatives to the dominant approach to teaching 
and learning in the CSU and, indeed, higher education 
generally — one that is print and lecture oriented, time re- 
stricted, and place bound. Project DELTA will not immedi- 
ately replace the traditional instructional paradigm, but is 
designed to enhance it and over time transform it. 

Three criteria must underlie the success of the DELTA 
venture. First, it must sustain the quality of teaching and 
learning achieved in traditional classroom settings. Second, 
it must increase the amount and convenience of student 
access to higher education. Third, it must be cost effective 
compared to existing deli very meth- 
ods, thereby promoting greater insti- 
tutional accountability in the use of 
public funds. 

Project DELTA is an affirmation 
of the state's and system's historic 
commitment to higher education as 
expressed in the Master Plan for 
Higher Education. It assumes that it 
is unacceptable to educate propor- 
tionately fewer citizens than now, 
and that ways can and must be found 
to reconcile available resources with enrollment pressures 
and the economic demands attending lifelong learning. 
Expanding student access to higher education in California 
is both an economic necessity and a moral imperative. The 
future health of the economy requires it, and social equity 
demands it. 

The overall goal, then, of Project DELTA is to devel op an 
alternative and effective learning/teaching strategy to deliver 
academic courses and degree programs which emphasize 
diiect interaction among learners, faculty, and the relevant 
information resources using electronic media as the primary 
delivery mechanism. 

The specific objectives of DELTA are to: 

♦ give each existing CSU campus an opportunity to extend 
its services more pervasively into the communities it 
serves; 

♦ facilitate inter-campus sharing of program offerings, 
resources, and services; and 

♦ provide a viabie alternative to building additional facili- 
ties, including new campuses. 

It is the intent of the Commission on Learning Resources 
and Instructional Technology to draw upon these experi- 
ences, talents, and knowledge of the CSU campuses, as wel I 
as from other universities, colleges, and private industries 
and organizations. In fact, the Commission plans to invite 
private sector pa rtners to joi n with the CSU i n Project D ELTA. 
In addition, experts from CSU campuses, other institutions, 
and the private sector partners will be asked to serve as 
temporary staff to accomplish specific planning tasks.^ 




Libraries of the Future Project 

The second major project to be undertaken by the 
Commission on Learning and Instructional Technology is to 
develop a new vision and strategy for providing the vital 
information and learning resources to the students and 
faculty of the CSU. The goal of this project is to ensure that 
each CSU learner and faculty member will have access to 
and be able to retrieve the information and learning re- 
sources vital to the learning experience. 

Three major trends are compelling the CSU to examine 
how library services are going to be delivered to meet this 
goal: 

First, the CSU has changed its budget allocation process. 
In the past, allocations of resources to libraries were derived 
by formula related to student FTE and based on standards. 

The CSU has abandoned the for- 
mula/standard approach thus re- 
moving the sacred guards of the 
library budgets. 

Second, the vast array of new 
digital technology and its potential 
tomake knowledge/information re- 
sources directly available to stu- 
dents and faculty has significant im- 
plications for how an institution or- 
ganizes to accomplish its goals. A 
basic question that needs to be ad- 
dressed is, "What is the fundamental business of the CSU 
libraries?" 

Finally, the increasing fiscal constraints faced by institu- 
tions coupled with the rapid inflation in book and periodical 
prices have dramatically curtailed the ability of the CSU 
libraries to serve their clientele. 

The Commission on Learning Resources and Instruc- 
tional Technology has endorsed a plan of action proposed by 
The Council of Library Directors. The plan calls for the 
directorsto spearhead a year-long strategic planning effort to 
examine a series of issues and questions within a three- 
dimensional framework. 

One dimension of the framework focuses on the infor- 
mation resources. The issues involve developing strategies 
for developing the accessibility of knowledge/information 
on campus and off. In the past the strategy involved develop- 
ing the campus library collections and augmenting it with 
interlibrary loans. Such an approach may characterized as a 
"just-in-case" strategy. Given the serious financial con- 
straints facing CSU libraries an examination of alternative 
strategies becomes imperative. 



4 For details about how Project Delta will be implemented, 
including a set of tasks to be accomplished over a three-to-five year 
timeframe, see Project Delta Planning Phase (Seal Reach, Calif.: 
The California State University, 1992). This document is also 
available toCAUSEmembersfrom the CAUSE Exchange Library as 
(SD-0f,78. 
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for how an institution organizes to 
accomplish its goals. 
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A second dimension involves dealing with the organiza- 
tion of the campus entities (library, media, computing, and 
telecommunications) involved in the campus information 
and technology function and deployment of the personnel. 
The CSU has always had limited staff resources in this arena 
and has recently been faced with cutbacks. This project will 
give attention to alternative ways to share resources within 
and among campuses. 

The final dimension is infrastructure. The project must 
determine how best to develop the appropriate technology 
infrastructure on and between campuses. As part of thistask 
the issues of trade-offs between using capital funds for new 
buildings or developing the technology infrastructure must 
be addressed. 

Conclusion 

The CSU recognizes it faces a unique "sea change" in terms 
of the growth in the number and diversity of students it must 



serve by 2005 with limited resources. It also recognizes that 
the effective uses of information technology in the delivery 
of instruction and information resource services holds prom- 
ise for successfully dealingwith this impending "sea change." 
By strategically planning now, the CSU hopestoartk ulateits 
own future environment. 

The seeds for using technology as a strategic lever have 
been planted and have been gestaiing in the CSU over the 
past three decades. These seeds have not reached full 
maturation due, in large measure, to lack of resources. 
However, while there may be significant internal resistance 
to altering thestatusquo, social, political, and technologic al 
conditions are right to proceed vigorously with refncusing 
the CSU's teaching/learning environment by developing 
new approaches which acknowledge that the individual 
learner is at the center of the educational experience in the 
information age. 
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Commentaries 

Information Technology — 
Enabling Transformation 

by Carol A. Twigg 

When I was asked to write a commentary on the topic of 
reengineering teaching and learning, I was immediately 
excited about the prospect of reading and thinking about a 
variety of perspectives representative of all sectors of Ameri- 
can higher education. I was asked specifically to comment 
on what may be missing in these perspectives. I am a firm 
believer in the need for change in higher education as a 
response to both the changing composition of our collective 
student body and the growing lack of public confidence in 
the ability of our institutions to serve students in a cost- 
effective way. While many topics for discussion are sug- 
gested by the multiplicity of views presented here, 1 would 
liketo focus on what I believe is the most important question 
these papers raise: Who is goingto pay for all this, and, more 
importantly, why should they? 

Despite the many differences my colleagues exhibit, 
differences stemming largely from their individual places in 
the higher education spectrum, they all agree on one thing: 
we need to spend more money to buy more stuff. 

David Smallen describes the need to remove the barriers 
that prevent the implementation of technological applica- 
tions on campus. Smallen's ideas of how to spend money 
include providing direct access to computing in each faculty 
member's office; eliminating "technological distractions" 
* such as poorly designed computing facilities, underpowered 
computers, inadequate numbers of computers and software 
copies; and creating classroom environments "in sufficient 
abundance" that include LCD display panels, computers, 
st reens, and projectors. Smallen concludes, "Senior admin- 
istrators at colleges that are looking for information technol- 
ogy to reduce instructional costs are going to be disap- 
pointed. Quite the opposite is likely to be true!" 

Speaking for the nation's research universities, Richard 
Katz acknowledges the significant role played by the federal 
government during the period 1 c )47-1 977 in funding tech- 
nological investments, primarily to support research. Katz 
notes, however, the growing public distrust of research, the 
growing pressure on research universities to re-focus on 
undergraduate education, andthe economic erosion of state 
support for public research universities. Nevertheless, Katz 
calls for "a substantial and focused campus investment" to 
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support campus computing environments. Needed are in- 
creased networking capacity, significant desktop platforms 
for students and faculty, print on demand capabilities, one- 
stop-shopping user interfaces, navigational and visualiza- 
tion tools, etc., all requiring, as Katzsays, "significant contin- 
ued investment in networks and integrative technologies." 

According to Tom West and Steve Daigle, among the 
original goals of the California State University's Information 
Resources Management program were (1) providing stu- 
dents and faculty access to IT, and (2) building the intra- 
campus and inter-campus infrastructure to enable students 
and faculty to gain access to information and computing 
resources. They note, however, that given the scarcity of 
funding available, CSU campuses have been only modestly 
successful in achieving these objectives. In 1 440, the CSU 
Board ofTrusteesendorsedanewsetofinitiativescallingfor, 
amongotherthings, increased accesstodesktop computing, 
media services, databases, and other external resources for 
students and faculty. Unfortunately, California's fiscal crisis 
has suspended implementation of these initiatives. 

Bob Heterick wants all of this and more. In addition to 
individual desktop computing and access to the campus 
network, to broadcast and switched video and tothe Internet, 
Heterick sees the need for "high te( h" classrooms so that 
students and faculty are not constrained by the "open labo- 
ratory" approach. Learning in new ways is dependent on the 
development of a communications infrastructure, he says, 
which must exist at three levels: the campus itself must be 
wired with megabit delivery to the workspaces in class- 
rooms, offices, and residence halls; a metropolitan area 
network that extends the campus infrastructure to students 
and faculty in the community; and a national infrastructure 
as well. He notes, regrettably, that the capital costs of 
creati ng the campus network seem "beyond the reach" of too 

many of our campuses. 

I am reminded of an incident that I witnessed about a 
year ago at a meeting of campus presidents. The theme of the 
meeting was using information technology on campus. 
Many prominent national IT experts had been invited to 
speak, one of whom described the many activities going on 
across the nation and on his campus with great enthusiasm. 
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During thequestion and answer period, someone asked how 
many staff he empl oyed to support these various activities, to 
which he responded, "About 700." You may or may not be 
surprised to know that these campus presidents did not rush 
to embrace his vision. Rather, their response was summed up 
i n the private remarks of one prominent chief executive, who 
commented that this IT leader might be "the most dangerous 
man in America." 

There appears to be an ever increasing gap between 
higher education's information technology "wish list" and 
the willingness of the public (defined as taxpayers, legisla- 
tors, parents, and consumers) to pay 
for it. I recently participated in a - 
meeting of an educational technol- 
ogy task force in my state. The topic 
was "wiri ng the campus." Thisgroup 
calmly drafted a statement endors- 
ing what was conservatively esti- 
mated to be a $1 00 million project! 
Faculty and staff in the State Univer- 
sity of New York haven't had a raise 
in threeyears; campus budgets have been cut repeatedly. But 
wiring the campus for the benefit of the 20 per cent of 
students who live on campus and, of course, for the faculty 
was perceived as a reasonablegoal to support. If we keep this 
up, no one is going to take us seriously. Instead of producing 
statements demanding access to technology directed to our 
own community (a wonderful case of preaching to the 
choir!), imagine addressing these statements to a group of 
parents or taxpayers and explainingtothem why they should 
pay for what we want. Can we do it? 

If we are going to be successful in persuading the public 
to s 1 uport our goals for greater access to technology, we 
need to make a clear case that the benefits of doing so 
outweigh the costs. An essential part of making that case is 
implementingthe ideas associated with reengineering. Penrod 
and Dolenre have pointed out that the purpose of 
reengineering is to use the power of modern information 
technology to "radically redesign business processes in order 
to achieve dramatic improvements in their performance." 1 
This ( ( )ncept speaks to the question of why one should invest 
in information technology. Unless we can make a convinc- 
ing (ase that investments in information technology c an 
make a differenc e in higher education, can address some of 
the fundamental problems facing us today, I cannot imagine 
how we will be able to pay for our wish list. 

What are some ofthe challenges facing American higher 
education? First, as noted by Ron Bleed and West/Daigle, in 
the public sector of higher education, we face increased 
enrollment demand. This increased demand if. not merely a 
result ofthe need toserv > more students, although that is an 
important contributor. Now, more than ever, all sec tors of 

1 lames I. Penrod and Michael (i. Dolenre, Reengineering: A 
Proi ess for Transforming Higher Education, CAUSE Professional 
Paper Series #9 (Boulder, Colo.: CAUSE, 1992), p. 2. 
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American society recognize that improving education and 
training is essential if the United States is to remain competi- 
tive in a global economy in the 1990s and beyond. This 
means that continued education, lifelong learning as it has 
been called, will increasingly become a necessity for large 
numbers of Americans. 

Second, this enrollment demand is characterized by 
diversity. While most people associate diversity with an 
increase in the percentage of underrepresented popula- 
tions — and this change is certainly taking place — the most 
dramatic, change in the higher education student population 
is the increase in adult students. By 
^ = ^^^^^^ = the middle oft; e 1 990s, traditional 
college students — those who pro- 
ceed directly from high school to 
enroll full-time in an undergraduate 
program — will bea clearminority of 
all students in collegiate programs. 
Non-traditional studentswill consti- 
tute what is being called "the new 
majority" in American higher edu- 
cation. This new majority needs flexible ways to pursue their 
education asthey simultaneously work and care forchildren. 

Third, in the face of increased enrollment demand, the 
nation's colleges and universities face a combination of 
resource problems including: 

• increasing costs that outpace the rate of inflation; 

• crumbling facilities, a product of deferred maintenance; 

• a diminishing supply of faculty; and 

• increased workloads resulting in on-campus morale 
problems. 

Finally, and perhaps most importantly, higher educa- 
tion, both public and private, must deal with the phenom- 
enon of public mistrust: the feeling that American higher 
education costs too much and does not deliver. 

I must take issue with Bob Heterick's suggestion that the 
higher education community can be divided into those who 
focus on effectiveness vs. those who f(K us on efficiency. This 
division suggests that those of us concerned about efficiency 
are not concerned about effectiveness; nothing can be 
further from the truth. I have never met anyone in higher 
education who is not concerned about the effectiveness of 
the teaching and learning process. I have, however, met 
many who disdain the idea that higher education must be 
efficient. It seems clear that the time has come for all of us to 
consider efficiency as an essential part of effectiveness if we 
want to survive into the next century. 

What should the role of IT be? Should it be oneof support 
or one of transformation? If we view its role as merely an add- 
on or a support to the existing paradigm of higher education, 
I do not think we will be able to convince anyone to pay for 
it. Katz and Smallen espouse the traditional view of IT: to 
support the instructional program or the research agenda. 
The decision to use IT in instruction (or not) rests solely with 
the faculty member. Yet most of our contributors ac knowl- 
edge that the faculty are not especially interested in using 
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information technology in instruction. In the research uni- 
versity, the faculty have "reduced incentives" to learn about 
teaching; in the private liberal arts college, the faculty do not 
see the value of investing their time to incorporate technol- 
ogy into the teaching/learning process. If this is the case, why 
would parents or taxpayers support the financial investment 
requested? What exactly would the faculty do with all this 
stuff? As Lewis ]. Perlman points out: 

Without critical, structural changes in the system, 
placing more computers, videodiscs, and other gad- 
gets into conventional classrooms will do nothing to 
reverse the failure of the education economy; it may 
actually make things worse. For one thing, we know 
from the extensive experience of office and factory 
automation that roughly 80 percent of the productiv- 
ity gains from technology innovation come not from 
new hardware or software but from fundamental 
changes in management, organization, and human 
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Several of our contributors look to IT to transform the 
way we do business. Bleed's view of ITisthatofan"enabler/ / 
helping the community college to achieve its goals of new 
communities and quality imperatives. Accordingto Bleed, IT 

agendas are "attempting to capture 

the forces of change" in order to 
"energize the mission of the com- 
munity colleges." His examples of 
IT applications include the use of 
electronic communications to ex- 
tend the idea of community and to 
promote collaborative learning 
among well-prepared and less-pre- 
pared students; to provide instructional delivery of content; 
to provide services directly to students; to establish distance 
learning networks to increase access to higher education; 
and to establish school/community partnerships. 

West and Daigle, in their description of Project DELTA, 
also advance the idea of using IT to develop a new vision of 
higher education to increase access to teaching and learning. 
While West/Daigle and Bleed are not specific about the cost/ 
benefits of their approaches— something higher education 
must be able to demonstrate if we are to convince the 
public— nevertheless, they are clearly focused on making a 
"business case" for investing in IT. What is needed is a further 
explication of how we can use technology to re-think the 
organization of higher education. 

Let me suggest a number of additional ideas that 1 believe 
we need to think about and address concretely as we take on 
this important task. Many of these ideas are embedded in the 
essays presented in this professional paper. Each focuses on 
the idea of using IT as an enabler to realize a new vision of 
higher education, one which serves an increasingly diverse 
student body in a cost-effective way. 



If we view [IT's] role as merely an 
add-on or a support to the existing 
paradigm of higher education, I do not 
think we will be able to convince 
anyone to pay for it 



• We need to stop thinking about highe* education 
as a "place." 

Images of our colleges and universities as Camelot, a shel- 
tered grove — even as a mall— are becoming rapidly out- 
dated. Whereas once the only way to organize an institution 
of higher learning was to amass resources (faculty, libraries, 
laboratories) in a single site and require students to travel 
there in order to access them, information technology is 
making this method of organization increasingly unneces- 
sary. Bleed's vision of "a new learning community" which 
empowers students with the abi lity to learn seems to me the 
appropriate metaphor for the twenty-first century. 

• We need to find ways to foster inter-institutional 
cooperation in teaching and learning. 

Networking is rapidly increasingcooperation in the research 
enterprise, but it has had remarkably little effect on the 
teaching and learning enterprise. Heterick speaks of moving 
from an industrial age model of higher education to one 
suited to the '-.formation age. While I agree wholeheartedly 
with his approach, I am unconvinced that our colleges and 
universities have reached the industrial age. They seem to me 
more like small businesses or small family farms, individual 
islands producing individual courses, 
duplicating one another's educational 
services without regard to the cost 
effectiveness of the approach. We 
need to find ways to uti I ize the power 
of information technology to offer 
instruction cooperatively. By joining 
together across institutional bound- 
aries, we may be able to realize some 
economies of scale and, in doing so, radically increase the 
learning resources available to our students. 

• We need to create new models of teaching that 
leverage faculty time and expertise. 

As part of an ongoing study of the cost of higher education, 
William Massy draws an analogy between colleges and 
universities and professional service firms in law, account- 
ing, and consulting, all of which rely on theservices of highly 
trained professionals. Massy points out that productivity 
improvement in professional service firms is obtained mainly 
by substituting less expert and hence less costly people for 
those with higher levels of expertise. The rule is, "always use 
the least expert resource that can do the job." 3 

While universities have done this to some extent by 
using graduate assistants in research and teaching (with the 
attendant gains in faculty time for research and publication), 
we have not thought enough about ways to reduce the costs 
of undergraduate education by developing new forms of 



2 Lewis |. Perlman, "A New Learning Enterprise/' Business Week, 
1 0 December 1 990, pp. 1 2-20ED. 
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teaching and learning. Imagine, for example, a large elec- 
tronic "virtual lecture hall" consisting of a satellite-based 
delivery system broadcast to hundreds of students simulta- 
neously with teaching assistants providing individualized 
attention and feedback via electronic mail to small sub-sets 
of the "class." 

What should the role of IT professionals be in this 
discussion of change? Katz suggests that the debate over how 
higher education should or should not balance research 
incentives with the need to educate students or to contribute 
to the community is, in his words, "outside the purview of 
i nformation technol ogy executives." An alternate view of the 
relationship between the "business" of an organization (in 
the case of higher education, the business is teaching and 
learning) and information tecnnology is suggested by John 
Roberts, vice president of corporate research and technology 
at UNUM Life Insurance, in a discussion of prototyping in 
IBM Directions. 4 As organizations move beyond basic auto- 
mation, IT professionals need to take on the more complex 
role of helping to redesign business processes. 

Roberts describes a phenomenon with which we are all 
familiar: new technologies with new capabilities lead to a 
phase where it becomes more difficult for both the systems 
and the business people to envision how they want to run the 
business. "Technology isnotgoingtobeabarrier;thebarrier, 
I think, is going to be determining how the business person 
envisions the design of the business." Roberts' point is, I 
believe, that the "business people" — in our words, the fac- 
ulty and administration— cannot fully understand the ben- 
efits offered by IT or envi sion new ways of do i ng busi ness that 
may be possible. As Roberts says, "It's hard to envision what 



4 "Bridging the Gap between l/S and Users," IBM Directions, 
Summer/Fall 1991, pp. 20-23. 



you haven't seen or done." Thi s id ea suggests a role for IT and 
IT professionals in higher education that goes beyond sup- 
port to working collaboratively with faculty and administra- 
tors to establish a vision of a redesigned or reengineered 
approach to teaching and learning. 

The good news is that American higher education has a 
rich history of reengineeri ng itself. West and Daigle note that 
the public comprehensive university has, in a sense, been 
reengineering itself since its inception thirty years ago. Katz 
also points to another period of reengineering at the end of 
World War II when the passage of the G.I. Bill inspired the 
university to reorganize in order to provide mass education. 
The 1960s brought increased access for underrepresented 
minorities, and the 1 990s are seeing adult learners entering 
higher education in unprecedented numbers. 

From the days of the creation of the colonial colleges, 
those "temples of piety and intellect in the wilderness," 
whose purpose was to shape society's future rulers, to the 
emergence of the land grant institutions, developed to meet 
the needs of a newly industrialized America, American 
higher education has steadily moved in the direction of the 
idea that, in the words of the first president of the University 
of Michigan, higher education is "not a luxury but a necessity 
that should be made available to all." Why should the goal 
of all of American higher education not be that of the 
Maricopa Community Colleges? 

To create accessible, effective and affordable envi- 
ronments for teaching and learning for the people of 
our communities i n order that they may grow person- 
ally and become productive citizens in a changing 
and multicultural world. 
Information technology viewed as an enablingforce, coupled 
with a vision of change, can put this goal within our reach. 
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These essays provide fascinating perspectives on the poten- 
tial for usi ng i nformation technology to reengi neer the teach- 
ing and learning processes in higher education. Both opti- 
mists and pessimists will find things to agree with in the varied 
opinions of the six authors. In spite of occasional humbling 
episodes of over-enthusiasm in my years as a college teacher 
and administrator, I generally find myself aligned with those 



who are optimistic about the transforming potential of infor- 
mation technology. I think information technology will have 
an increasingly significant impact on educational institutions 
of all types, not just around the edges in a marginal way, but 
at the very core cfhowteaching and learningtake place, and 
that applications of information technology will lead to 
fundamental changes in liberal arts colleges. 
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A liberal arts college, as David Smallen explains, often 
does seem like an "educational Camelot" to those of us who 
work in one. Such institutions place the highest premium on 
good teaching and close faculty-student interactions. Fac- 
ulty research is encouraged and even required in liberal arts 
colleges, but the research program iscloselytiedtoteaching. 
Undergraduate students can be deeply involved in faculty 
research at all levels. Both faculty members and students 
prize the close mentoring relationships which are built into 
this mode of teaching. 

Liberal arts colleges have much in common with larger 
colleges and universities. For example, liberal arts colleges 
are very concerned about diversity, cost containment, stu- 
dent aid, faculty productivity, physical plant maintenance, 
and public perceptions of education. And such colleges 
share the general concern about making it possible for 
undergraduates to have access to information resources and 
technology. While liberal arts colleges in general are suffer- 
ing from the same fiscal difficulties as other areas of higher 
education, there is no perceived crisis about the style or 
quality of education at these institutions. So the notion of 
reengineering as an antidote to critical problems with the 
basic nature of the institution does not really apply here. 

Nevertheless, I believe that informa- 

tion technology will change liberal 
arts education in fundamental ways. 

Everyone who works in higher 
education knows that teaching and 
learning are evolutionary, interac- 
tive processes. Rarely do faculty 
members teach the same course the 
same way twice. New fields of inquiry and study emerge, 
often as "cross-disciplinary" or "multi-disciplinary" hybrids. 
This will continue to happen with 01 without the use of 
information technology. Butthedriveto make more effective 
use of computing and networking resources which are 
already in place will cause major changes whether or not this 
effort is planned as a deliberate strategy of improvement. 

If we take "reengineering" to mean a substantial, delib- 
erate, planned shift in a process or system, then it may not be 
appropriate to call what is likely to happen in teaching and 
learning a reengineering. The change process will be par- 
tially planned and partially accidental, probably with a trail 
of failed experiments, wasted resources, and frustrated hopes 
along the way. But there are glimmerings that significant 
change will take place, that teaching and learning will be 
profoundly affected, and that in the long run, students and 
faculty will be interacting with each other and the informa- 
tion world in new and substantially different ways. 

Liberal arts colleges may actually be transformed by the 
impact of information technology faster than other types of 
educational institutions. One major difference between lib- 
eral arts colleges and universities is the level of student 
access to IT resources. Richard Katz notes that nationwide, 
public and private universities provide one dedicated in- 
structional PC or workstation for each forty-five students. At 



. . . the entire nature of undergraduate 
education will change when students 
and faculty have wide, easy access to 
the information world. 
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good liberal arts colleges, the level of access to computing 
and networking resources is much better than this. For 
example, Kenyon College, a liberal arts college with 1 ,500 
students, currently provides one computing station for about 
every nine students. Nearly every Kenyon student uses some 
form of college-provided computing resource every week of 
the academic year, and every student has the option of 
getting a residence room connection to the campus network. 
Also, every faculty member and every staff "knowledge 
worker" has standardized desktop computing equipment 
and full access to the campus network. Kenyon has a well 
developed computing and networking environment, a com- 
prehensive library automation program, and a commitment 
to using information technology asa strategic asset. This type 
of information technology environment, increasingly typical 
in liberal arts colleges, provides the basic infrastructure to 
allow profound changes in teaching and learning to take 
place. 

Before going further in an optimistic vein, it would only 
be honest to admit that many of us who have been promoting 
the use of computing in education for the past two decades 
have occasionally been wrong. We have sometimes been 
guilty of naive and excessive enthusiasm about the value of 
the technology to enhance educa- 
— tion. My own most memorable fail- 
ure in this regard was when I tried to 
convince faculty colleagues who 
taught non-English languagesof the 
great possibilities inherent in the 
use of computers to enhance in- 
struction. Unfortunately, I eventu- 
ally discovered that neither the software nor the hardware 
available then was capable of handling the non-English text 
adequately. Itwasan embarrassingand sobering experience. 
So even if we are enthusiastic about the possibilities of 
reengineering teaching and learning, we should keep re- 
membering our past mistakes. 

With that caveat, let me offerthree examples drawn from 
my own experience of ways in which I believe information 
technology is significantly affecting teaching and learning. 
These three examples in a sense cover the past, present, and 
future applications of information technology in liberal arts 
education. The first example involves the use of computing 
to enhance the instructional process in particular courses, 
something which has been occurring in higher education 
since the 1970s. The second example expands the first by 
illustrating how state-of-the-art technologies not only en- 
hance instruction, but change the fundamental form of the 
curriculum. The last example suggests that the entire nature 
of undergraduate education wili change when students and 
faculty have wide, easy access to the information world. 

Example 1: 

When time-sharing computing became widely avail- 
able at liberal arts colleges in the 1970s, many faculty 
members began experimenting with ways to use computing 
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toenhance teaching and learning. Most of us didn't have any 
particular vision about transforming the curriculum, but 
were looking for better ways to teach the standard subject 
matter in our disciplines. In retrospect, many of our attempts 
were silly and naive, limited in major ways by the hardware, 
the software, and our own imaginations. Both the software 
and hardware have improved tremendously since that time, 
and the experiments have continued, with some notable 
successes and obvious failures. 

Statistics and mathematics are among the areas where 
computing has been relatively successful in enhancing in- 
struction. I havecometo believe that 
the discipline of statistics, my field, 
simply cannot be taught well with- 
out incorporating computing as an 
integral part. Numerical calculation 
of complicated statistical formu las is 
an obvious exa mple where electronic 
computation is essential. But, more 
importantly, computing makes it possible to use simulation 
as an intuitive and practical technique for illustrating and 
studying key statistical concepts (e.g., sampling distribu- 
tions) which are difficult for students to understand theoreti- 
cally. 

As a general mode of inquiry applicable in many scien- 
tific areas, computer simulation lies somewhere between 
pure scientific theory and laboratory experimentation. This 
methodology was not practically feasible before the advent 
of modern computing, but has now developed into a respect- 
ablemocleofsf ientific inquiry. And asateachingtechnique, 
simulation continues to offer new possibilities for teaching 
about both simple and complex topics. 

Thecomputer-basedexerciseslusedinstatisticscourses 
at all levels allowed me to teach standard but< omplextopics 
in new ways. When I wrote computer programs to illustrate 
difficult ( oncepts, I gained a deeper understanding of the 
statistical processes, and was thus better ableto explain them 
to students. I learned something new about both the statisti- 
cal concepts and ways of teachingthem every time I used the 
computer-based exercises. Although my use of computer 
technology didn't substantially change the content of the 
courses, the technology enhanced and expanded the teach- 
ing and learning modes. In many ways, my personal opti- 
mism about the value and potential of information technol- 
ogy in liberal arts education stems directly from my own 
experiences in teaching statistics. 

Example 2: 

Many of the uses of instructional computing which 
began in the 1970s were inherently constrained by the 
technology available. In partk ular,useof graphical represen- 
tations was severely limited by the physical medium. Fortu- 
nately, the technology has now advanced to the point where 
teaching applications we could only imagine in the past are 
now possible. For example, computer technology has made 
visualization a powerful tool which is changing not only the 



way faculty teach, but the basic content of the courses they 
teach. 

In the mathematics curricula of many liberal arts col- 
leges, the use of powerful, graphics-oriented programs such 
as MAPLE, MACSYMA, and DERIVE has not only enhanced 
the pedagogical style used in teaching concepts, but has 
altered the mathematical ideas and methods covered in the 
courses. In calculus, for example, students spend less time on 
such things as brute force integration and differentiation. 
Instead, greater emphasis is placed on basic concepts (e.g., 
key points in functions where maxima, intercepts, and flex 
points occur) which are taught and 
studied from a graphical perspec- 
tive. Classrooms are equipped with 
graphics workstations for each stu- 
dent, while the instructor presents 
course material using graphical dis- 
play devices and software which 
allowsthe use of three-dimensional 
representations in color. The technology allows the teacher 
to represent information in visually creative ways, working 
interactively with the class to explore ideas. 

The natural science curriculum is alsobeing changed by 
the use of visualization and computational tools. At Kenyon 
College, for example, faculty members from biology, chem- 
istry, and psychology are col laboratingto develop a molecu- 
lar modeling laboratory based on a software package called 
HyperChem running on networked 486-level microcom- 
puters. This state-of-the-art software makes it possible to 
illustrate concepts which could not be simply explained any 
other way. The availability of the visualization technology 
led the faculty to begin working on this project in a new area 
of scientific study. The use of the molecular modeling 
laboratory is already fundamentally changing the way fat - 
uity think about and teach this multi-disciplinary topic, the 
way faculty and students collaborate on research projects in 
general, and even more mundane issues like optimal class 
sizes, procedures for assessing student work, and allocation 
of future instructional resources. Aswiththe use of visualiza- 
tion in mathematics courses, the molecular modeling tech- 
nology has changed both the mode and content of the 
curriculum in some science disciplines at Kenyon. 

Example 3: 

The rapid growth of the Internet promises revolutionary 
new options for using information to fundamentally alter 
both curricula and pedagogy. As noted earlier, most liberal 
arts colleges have a basic campus computing and network- 
ing infrastructure in place to allow easy access to the Internet. 
At this stage, however, relatively few faculty members and 
students know how to navigate the new electronic world of 
local and remote library catalogs, international conferences 
and bulletin boards, and campus-wide information systems. 

Whi le library and computer center staffs generally offer 
instruction in the use of both computers and library re- 
sources, usually underthe separate rubrics of "bibliographic 



The rapid growth of the Internet 
promises revolutionary new options 
for using information to fundamentally 
alter both curricula and pedagogy. 
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instruction" and "computer literacy training/' there is an 
obvious need to help faculty and students learn to use new 
information resources and technologies more effectively. 
This should be the next major step in developing a campus 
information environment which fully supports undergradu- 
ate education. For example, significant undergraduate re- 
search, a hallmark of liberal arts education, can be substan- 
tially enhanced when faculty and students know how to use 
technologiessuch as networked, microcomputer-based CD- 
ROM stations to search for information, and are then able to 
sort, organize, and synthesize that information effectively. 
These activities transcend and blur the existing functional 
lines between the college library and the computing orga- 
nization, and suggest that thetraditional instructional activi- 
ties of these organizations need to blend. 

A project under way at Kenyon illustrates how access to 
information is likely to change entire parts of the curriculum. 
Using grant funding, the college has launched a project 
designed to incorporate new information resources and 
technologies into the first and second year curricula by 
giving faculty and students opportunities to collaborate on 
learning projects and course development. Overthreeyears, 
about 40 percent of Kenyon'sfaculty from all discipline areas 
will participate in summer institutes which focus on explor- 
ing potential uses of new information technology resources. 
The faculty development activities will be jointly led by 
library and information technology staff members. Students 
will be the ultimate benefactors of the program as they gain 
new abilities to search the information world and use what 
they find. 

As an example, one of the Kenyon courses which will be 
"reengineered" to use information technology in new ways 
for teaching and learning is called "Expansion of Interna- 
tional Society," team-taught by fac- 

ulty from thedepartments of Political 
Science, History, Asian Studies, and 
Modern La nguages & Literatures. The 
basic goal of the course is to help 
students develop a common histori- 
cal view of the contemporary world 
system and the forces which have 
affected it. In addition to the tradi- 
tional printed materials, the primary 
course materials will include spatial and temporal data such 
as maps and timelines presented interactively using com- 
puter graphics; film, video, and still imagery available via the 
campus network as well as by traditional media delivery 
systems; international correspondence through scholarly 
discussion groups on the Internet; news feeds of global 
events; and local, national, and international library re- education. 



sources. Both faculty and students will be learning how to 
use such resources efficiently, a process which will have a 
significant effect on both the content of the curriculum and 
the style of pedagogy. Such an approach would not be 
possible without the use of information technologies. 

These examples show several ways that information 
technologies can alter the basic nature of the teaching/ 
learning process. As these trends continue, I believe the 
changes wil I become more pronounced. The use of informa- 
tion networks will increase and improve student-faculty 
interaction, although not all of it may be face-to-face or in the 
usual instructional venue of the classroom. The traditional 
collegial interaction among faculty which takes place on 
campus and, increasingly, around the world via the Internet, 
is being replicated in student-to-student and student-to- 
faculty contacts at all levels. As faculty and students become 
more sophisticated at using online conferences, bulletin 
boards, electronic mail, campus-wide information systems, 
and information- seeking software which roams the Internet, 
the impact on both curriculum and pedagogy will be dra- 
matic and profound. 

I nformation technologies can enhance the best characteris- 
tics of teaching and learning in liberal arts colleges. While 
this may not be the result of an organized reengineering 
effort, there wil I be fundamental changes in both the curricu- 
lum and the pedagogy because ofnewinformationresourc.es 
and technologies. Faculty will move from the older modes of 
instruction, such as lectures, to new flexible styles and 
formats which involve a wide variety of media delivery. 
Traditional textbooks will increasingly become multimedia 
materials which might involvebookstailored for each course, 
individualized audio and video 
^ materials, interactions with experts, 
electronic conferences, and so forth. 
In liberal arts colleges particularly, 
the emphasis on close faculty/stu- 
dent interactions will expand to 
mentoring in both traditional in- 
structional settings such as labs and 
studios, as well as new forms in- 
volving electronic communications 
both on and off the campus. As students learn to locate 
information in old and new forms through the Internet, and 
develop new skills to access, organize, and synthesize that 
information,they will increasingly be able to participate fully 
as informed, responsible world citizens in the information 
age. This is one of the fundamental goals of liberal arts 



As faculty and students become more 
sophisticated at using online . . . 
Iresources], the impact on both 
curriculum and pedagogy will be 
dramatic and profound. 
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'Growing' Our Academic 
Productivity 

by Polley Ann McClure 



The authors of this collection of essays have done an 
outstanding job of describing the status of technology sup- 
port for instruction in their very different types of institutions 
and of providing insight into the complex business of intro- 
ducing change within academe. 

I was provoked, however, to ponder the question of 
whether the basic idea of "reengineering instruction" isn't, 
somehow, fundamentally flawed. I also think that in some 
respects the essays miss a very key point: An i mportant object 
of reengineering isthe improvement of academic productiv- 
ity, not just increased teaching effectiveness at any cost. 

Reengineering has its origin in the field of industrial 
engineering and quality assurance. A manufacturing process 
existsto accomplish the particular function of building some 
tangible product. The objective of the reengineering effort is 
usually to increase the yield of that product per unit of cost 
or time or to improve its quality. The numbers produced and 
theirquality are routinely measured, and improvements can 
be objectively monitored. The manufacturing process usu- 
ally involves the work of many individuals and departments 
and is, therefore, a collective process of the enterprise. 
Management has ultimate responsibility for the process and 
also the authority to make necessary improvements. 

The reengineering concept has been extended to im- 
provement ofbusinessprocessesaswell.Thebasic approach 
is the same; a process is analyzed as a sequence of steps 
along a value chain with the main difference being that the 
end product is a service rather than a tangible object. But, 
again, the business process is normally an institutional 
process, directly in the authority sphere of management, 
there is agreement about the output of the process, and 
quantity and quality of output are measurable. 

Although they share some attributes, institutionsof higher 
education are notthesamekindsoforganizationsasfactories 
or even service providers. Universities and colleges really 
are communities of scholars, loosely organized groups of 
semi-autonomous faculty who retain authority over the 
teaching and research processes. The administration man- 
ages the business and support functions and has limited 
access to the academic processes themselves. Furthermore, 
the academic processes of teaching and scholarship are 
usually not even collective processes of the faculty. They are 
practiced for the most part independently by individual 
professors and their students and support staff. Scholarly 
disciplines transcend the individual institutions in which 
prof essors work, and faculty sometimesidentify more strongly 
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with their disciplines than with their institutions. 

In many ways, academic institutions, as conservative as 
they are, already represent the "ideal" organizational struc- 
ture of many reengineering efforts: empowered individual 
workers and small teams with essentially final authority and 
responsibility for the work product and the processes that 
produce it. The academic side of most institutions of higher 
education represents one of the "flattest" organizational 
structures around. Department chairs have a "span of con- 
trol" of sometimes fifty faculty, not to mention staff. Deans 
may have responsibility for twenty to thirty departments in a 
large institution. Add a provost and a president to the 
hierarchy and you have five layers, at most. 

Because of these differences between educational insti- 
tutions and more typical hierarchical organizations, I think 
efforts to "reengineer instruction" will have very limited 
success. You cannot reengineer a process that you do not 
control. Instruction takes place largely through the personal 
creative work of an individual teacher, not through a process 
that management can redesign. Furthermore, there is little 
agreement about the nature of the output: educated students. 
We are sure that just counting graduates is an inadequate 
measure of quality of instruction, but we have no other 
generally accepted measures. Many of the "indicators" we 
use for educational quality are more measures of input 
variables than of outputs and probably are negatively corre- 
lated with overall academic productivity (for example, the 
US News and World Report rankings are based on FTE 
faculty to FTE student ratio and total educational expendi- 
tures as measures of quality of education). Effortstoreengineer 
instruction will be severely limited in the absence of clear 
measurable outcomes. 

I'm not arguing that colleges and universities can just 
ignore the social and economic, realities of our times and 
continue to do business "as usual," or that we have no 
responsibility to improve academic productivity. Like the 
authors of these essays, I believe that in the long run, 
informationtechnologywillplayakey role in supporting that 
improvement. My point is that the time scale and methods 
available to us as academic leaders may be quite different 
from those used in industrial or business enterprises, 

I've alwaysthought about administration in higher edu- 
cation as a nurturing process, more like gardening in its 
approach and methods than like engineering. In both pur- 
suits, judgments about quality are largely subjective, yet 
people usual ly agree about which gardens are pretty. You try 
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to shape outcomes ma i nly by sel ecti ng the right environment 
to help an individual flourish and grow, providing resources 
selectively, and sometimes doing a little pruning. But you 
don't generally reengineer your roses or most university 
faculty. 

I'm going to be bold and claim that, while the "p" word 
is not used frequently in this professional paper, academic 
productivity improvement is what it is about. We all under- 
stand thefinancial constraints our institutions are facing, and 
we want to help them "do more with less." Productivity is 
defined generally as the ratio of output of a process to the 
input (like cars built per dollars invested). In keepingwith this 
definition, then, we are seeking, in this context, not just to 
improve educational output at any 
cost, but to improve the ratio of ! 
output to cost — however we mea- 
sure it, the amount of learning per 
dollar spent. This is where we run 
into a problem with technology so- 
lutions, especially for improvement 
of instruction. While there are some 
cases in which we can document an improved educational 
output as a result of the technology intervention, in a brief 
survey of the literature, 1 could find no studies documenting 
improved educational output per unit of cost. The educa- 
tional gains from information technology typically have 
been at huge cost, in terms of the investment in both 
equipment and software, but more significantly, in faculty 
and support staff time. 

While I don't want to claim too much similarity with the 
business sector, there is general agreement from that arena 
that the overall gains in productivity from information tech- 
nology have been much smaller than would justify the 
investments that have been made (the "productivity para- 
dox"). Some studies even claim that productivity has de- 
clined as a result of infusion of information technology. 

This leads me to the realization that a critical factor for 
our reengineering efforts is not so much how we "incent" 
faculty to make major time investments to develop instruc- 
tional applications or how we convince presidents to make 
large investments in equipment and facilities. The critical 
factor is to either decrease the costs in a major way or 
increase by many fold the amount of I earning (either number 
of students or amount each student learns per dollar). 

This viewpoint putsfaculty time squarely on the cost side 
of the ledger sheet, thus a variable to be minimized or held 
constant. It makes clear the fallacy of many efforts by public 
agenciesthat position faculty instructional time as a variable 
to be maximized rather than conserved. This would serve to 
drive instructional costs up, not down, with decreases in 
productivity ratherthan the converse. This is particularly true 
in research institutions where the delicate balance of time 
spent by faculty on teaching comes at the expense of 
research with its important effects on the reputation of the 
institution and its fiscal resources. 



... while the "p" word is not used 
t'requently in this professional paper, 
academic productivity improvement is 
what it is about. 



It seems to me that if we are to try to cultivate our 
institutional gardens with the goal of improving academic 
productivity, our focus right now needs to be on non-labor- 
intensive applications of technology that can leverage fac - 
ulty effectiveness. Without spending more total time on 
teaching, can we enable better communication and engage- 
ment with more students? Can we produce tools to cut 
through the hours of manual grade-keeping and transcrib- 
ing? Can we develop secure and auditable mechanisms for 
keeping grades and transferring them electronically? What 
about degree-audit applications to increase the efficiency of 
academic counseling? Or applications to take references 
directly from a database search, store them, and search them 
to make finding examples easier? 
— I'm selectingtheseapproaches rather 
than distance education, high tech- 
nology classrooms, or multimedia 
initiatives, because of the massive 
difference in cost and unclear rela- 
tion so far between the investment 
and improved learning. If we make 
good decisions about our institutions' information architec- 
ture and the technology to support it, the infrastructure we 
build (and write off as a part of the cost of these administrative 
applications) will also serve to enhance the environment for 
improved academic effectiveness. 

Paradoxically, the best bets for improving instructional 
productivity might be investments in information technology 
to support administrative functions. There are many ex- 
amplesof significant net cost savings coupled with improved 
function from automation of administrative transactions 
within higher education (for example, in the publications of 
CAUSE and NACUBO, the National Association of College 
and University BusinessOfficers). The difficulty with these is 
that rarely have the institutions involved effectively captured 
the savings and reinvested those in direct support of teach- 
ing. But if this were done, with the savings invested in more 
creativeteachers, information technology would have made 
a substantial contribution to academic productivity. 

As gardeners in academe, I thinkthe most powerful ways 
to improve productivity of our gardens is, first, to hire the best 
faculty we can attract (you rarely produce prize tomatoes 
with scraggly tomato plants); second, to provide an environ- 
ment rich in the raw materia Is they need *o grow (in academe 
that means libraries, computers, laboratories, and other good 
minds for stimulation); and, third, to ruthlessly weed out the 
competitors for resources, such as inefficient administrative 
processes, so that the I ight and water we do have go directly 
intothe academic process. Information technology resources 
play a role in all three: attracting the best, nurturing their 
growth, and facilitating their work, and making administra- 
tive functions more efficient to allow limited institutional 
funds and time to be direc ted into the academic mission 
itself. 
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Reengineering or Just 
Tinkering? 

by Don Doucette 

I would normally think of it as a hopeful sign that respected 
and thoughtful representatives of our higher education com- 
munity would agreeto consider the proposition thatteaching 
and learning in their institutions might be reengineered to 
take advantage of the tools now provided by information 
technology. However, as insightful as the perspectives con- 
tained in this volume are about the dynamics at work that 
make reengineering more or less likely, more or less desir- 
able in different higher education environments, the linger- 
ing impression after reading these analyses is that we are 
tinkering much more than we are reengineering. 

Or course, these perspectives range enormously on the 
tinkeringto reengineering scale. On one end of the spectrum, 
David Smallen suggests that the model could not be better 
than the traditional Aristotelian one practiced at his admit- 
tedly fine small liberal arts college — that reengineering is not 
only suspect but artua I ly undesirable. On the other end, Ron 
B leed descr i bes h i s commu nity col lege d istri ct as «n a I rea dy 
reengineered model for applying information technology to 
improve access to resources, enhance communications, 
increase faculty productivity, build communities, and serve 
students better. Perspectives from research and comprehen- 
sive universities fill out the volume and fill in the middle of 
the spectrum, with the "sheltered groves" of research univer- 
sities siding with the yes-hut-we're-different (read "special") 
view of liberal arts colleges and the "malls" of the compre- 
hensive universities joining community colleges in more 
active examinations of doing things differently. 

Perhaps my disappointment is that of the perspectives 
represented here, only the community college voice ap- 
proac hes with any seriousness the idea of not only doing 
thingsdifferently, butthe imperativeof doingdifferentthings. 
Bob Heterick gets it right when he summarizes the principal 
challenge facing higher education: . . the probl em might be 
stated as providing the most effective learning, most effi- 
ciently delivered, consistent with the budgets we are likely to 
receive/' He realistically notes that some institutions will be 
attempting incremental changes while others attempt more 
serious reengineering, but his acceptance of such tinkering 
with the system as appropriate appears to underestimate 
seriously the social and economic forces at work in society 
that will mandate, not request, fundamental change in the 
way higher education does business. 

The economic imperative 

Those who would tinker with incremental change mis- 
read the magnitude and rapidity of the change going on 
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outside their ivy-covered walls. While it is understandable 
how one could dismiss as merely interestingtheory the many 
claims of imminent orongoingparadigm shiftsannouncedin 
both the popular and scholarly press, it is difficult to argue 
that higher education will remain unaffected by the funda- 
mental economic restructuring that is occurring in our cor- 
porations, in government, and in all of our social institutions. 
Does higher education really think itself immune? Is tenure 
really more secure than lifetime employment at IBM or 
McDonnell-Douglas? 

The facts are these: For the first time in the 33-year 
history of reporting data on state appropriations, Ed Hines' 
Grapevine report for fall 1 991 showed an actual decline in 
total dollars appropriated by states to higher education. For 
a survey that has usually reported 8-10 percent annual 
increases, this was big and disturbing news. As Kay 
McClenney, vice president of the Education Commission of 
the States, points out, "Higher education is clearly compet- 
ing with other public priorities." Chief among them in state 
budgets are Medicaid, corrections, and interest on state 
indebtedness. Given the fact that support for higher educa- 
tion doubled during the 1980s and increased in real terms 
over inflation by 27 percent, "From the typical legislative 
perspective, higher education is a well-fed child who has 
now grown up and can earn its own way in the world" 
(Leadership Abstracts, September 1 992). There is simply no 
more money to go around, and decreasing funding levels for 
higher education are a permanent condition. 

If states can no longer subsidize higher education, then 
the burden must fall on users. This trend has been evidenced 
by recent increases in public college and university tuitions 
by as much as 25, 30, even 40 percent. However, such 
increases cannot be sustained by users, many of whom are 
themselves struggling with the effects of a radically restruc- 
turing economy. The economic model for higher education 
has become unsustainable. Higher education does not have 
a choice about whether it becomes more efficient and 
productive. Irresistible economic forces will force it to aban- 
don its labor-intensive, classroom-based, contact-for-credit- 
model — whether or not it is deemed the most effective. Hard 
economic facts pay littleheed to professional preferences, as 
doctors, prison guards, and others will also find out as limited 
resources force transformational changes in other govern- 
ment-supported industries/'Reinventinggovernment" is not 
just the title of a best-selling book read by all of the players 
in the incoming Clinton administration; it is a pragmatic 
course of action for state and local governments that are 
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redefining their roles in providing services to match eco- 
nomic reality. "Reinventing higher education" must be more 
than a catchy conference title if we are to have a hand in 
defining our future role — rather than have it handed to us. 

Doing different things 

Higher education does not have a choice about its main 
work. As long as economic conditions permit, colleges and 
universities can choose their relative emphases. In good 
times, legitimate arguments about 
preserving culture and creating new 
knowledge are convincing. However, 
when dollars cannot support both 
scholarship on the sculpture of Clas- 
sical Greece and worker training for 
the developing biotechnology indus- 
try, training will win the competition 
every time. The higher education 
community has the responsibility to 
balance its efforts so that this di- 
chotomous choice is never forced. It 
must police its excesses so as to not weaken its claim of the 
timeless importance of scholarship and truth. It is not an 
accident that the increasingly theoretical emphasis of re- 
search in economics has been given short shrift by the hard- 
nosed pragmatic policy concerns of the new administration. 

Despite the fact that we have held up the research 
university as the model for all of higher education, the 
preparation of scholars and the creation of new knowledge 
has been a declining emphasis of our system of higher 
education for decades. Now, as we get serious about havi ng 
to compete in a global economy— forced to do so by tangible 
evidence that declining personal standards of living are the 
very real alternative— the main task of higher education is 
undergoing a transformation. Rather than focusing on the 
education of youth and the preparation of new entrants into 
the work force, the main work ofhighereducationis becom- 
ing the education, training, and retraining of the existing 
work force — largely, place-bound and time-bound adults. 
The implications of this shift for delivery mechanisms have 
been explicated well by others, but small seminars in upstate 
New York, or even urban California, are not likely to fit the 
new model very well. 

Again, economic reality will force fundamental changes 
in the higher education model whether or not we concur. 
Restructuringthe content and delivery mechanisms of higher 
education to reflect the urgent needs of the society is not 
open to serious debate. The populace will insist on help in 
maintaining its current standard of living, and it expects 
higher education to deliver the goods. The public will not 
support a system that acts oblivious to its bread and butter 
concerns. 

Serving new communities 

While increasing access to higher education has been a 
national goal since the late 1940s, no one pretends that the 



system has been able to avoid a degree of socioeconomic 
stratification. Yet, the conspicuous consumption of the 1 980s 
and the underlying class tension that has grown closer to the 
surface now make blatant inequality of educational oppor- 
tunity less tolerable, especially in our public institutions. 

Only at great risk can higher education ignore the 
aspirations of a burgeoningpopulation of a young, ethnically 
and racially diverse working class for upward economic 
mobility based upon educational attainment. It is not too 
difficult to imagine colleges and 
■ universities becoming the targets of 
rage if they are perceived exclu- 
sively as citadels of privilege. For 
practical reasons, they must reach 
out to serve al I of those whose aspi- 
rations require education and train- 
ing, and upon whom the nation's 
economic fortunes depend — not just 
cream off the top without substan- 
tial broad-based benefit. However, 
serving new and diverse popula- 
tions will mean fundamental changes, only some of which 
are related to the applications of information technology 
implicit in the preceding discussion. 

Yet, the point remains that the status quo in higher 
education will not survive the economic and social disloca- 
tions we are just beginning to experience. My persistent 
idealism suggests that colleges and universities may have 
some special role to play in rebuilding and reuniting the 
communities that have fractured outside their walls. Idealism 
aside, higher education needs to reinvent itself and redefine 
its relationsto its various communities if only to retain public 
support from an increasingly diverse population that may not 
have the universal faith in the system that we have come to 
take for granted. Higher education may have to re-earn the 
public's trust. 

So, while the idea of openingthe discussion on how higher 
education might reengineer teaching and learning in its 
institutions seemed so promising, I must admit to being 
disappointed by the lack of boldness in the visions expressed 
in this volume. While I have never thought of myself as a 
proponent of what Bob Heterick calls the Mario Andretti 
school of change— "If everything is under control, you're 
going too slowly"— I find myself disheartened that too often 
our best and brightest seem destined to respond only with 
great reluctance to societal changes afoot in the land. How 
much more fitting it would be for higher education leadersto 
rise above the tumult to chart a new course and to craft new 
communities, not only for their institutions, but also for 
society. Instead, it appears the agenda of change will be 
force-fed from outside the walls. 

If reengineering is our real agenda, the discussion must 
focus on the participants m the teaching and learning pro- 
cess. Substantive reengineeringcan occur only if thestudent 
replaces the faculty member at the center of the process— 
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maybe the only fundamental change in the paradigm since 
Socrates. It should not be surprising that there is precious 
little discussion about what it means to design a student- 
centered learning process, for our entire higher education 
culture is based upon the presumption of faculty prerogative. 
The joke that the research university would be a fine place if 
only it could be rid of the distraction of students is not funny, 
just telling. It may be time to be honest about what functions 
of higher education might be more competitively carried out 
by research laboratories, publ ishing houses, software devel- 
opment firms, and think tanks. Public support could be 



focused on work that has public priority, rather than lost in 
indirect costs to support ill-defined missions. 

There are, however, glimmers of light. There are some 
who understand the student to be the center of the higher 
education universe. The Maricopa Community Colleges 
have much to teach about student-centered design of learn- 
ing systems. At least they ge\ the challenge right. Although I 
understand it is unfashionableto be apocalyptic, my reading 
is that too much of the current discussion of reform in higher 
education is about rearrangingthedeckchairs on the Titanic, 
rather than reengineering the hull. It is just tinkering. 
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EDUCOM's Educational Uses of Information Technology (EUIT) Program 



EDUCOM's EUIT program undertakes activities around 
the country that promote (1 ) the national development of 
information technology as a resource in higher educa- 
tion; (2) improved faculty and student access to informa- 
tion technology; (3) more effective and varied forms of 
teaching, learning, scholarship, and research through 
information technology; and (4) professional develop- 
ment programs for faculty and staff. 

EUIT programs usually involve national partnerships 
with the higher education and library communities, 
professional and disciplinary societies, government, and 
information industries to improve the quality and acces- 
sibility of higher education through the use of informa- 
tion technology. 

Currently, EUlT's projects include: 

• The Jericho Project, a national effort to help faculty 
and staff sharethe information and develop the skills 
and insights needed to take advantage of available, 
affordable information technologies. 

• Dilemmas in the Ethical Use of Information, which 
addresses important issues regarding individual and 
institutional rights and responsibilities in the ethical 
and legal uses of information technology. 

• Equal Access to Software and Information (EASI), 
which helps colleges use adaptive technology effec- 
tively to promote independence and academic suc- 
cess among students and faculty with disabilities. 

• Software and Curriculum innovation Awards Pro- 
gram, which annually recognizes individuals, com- 
panies, and institutions for their accomplishments in 
using information technology to improve teaching 
and learning. 

• Valuable, Viable Software, which is publishing a 
book of case studies about the value and viability in 



higher education of particular computer and video- 
based software. 

• How to Write Publishable Software, which is pub- 
lishing a guide about how faculty can publish and 
distribute their software products. 

• User Documentation Exchange, which involves over 
sixty institutions exchanging user documentation. 

• Faculty Support, which fosters online communica- 
tions among computer support professionals about 
how to serve teaching and learning. 

• Network Licensing of Application Software, which 
is developing a report on the licensing process. 

• Preferred Visions, which is developing a preferred 
vision of the future for educational uses of informa- 
tion technology. 

The following titles are available in the EDUCOM Strat- 
egies Series: 

Anandam, Kamala, ed. Transforming Teaching with 
Technology: Perspectives from Two-Year Colleges 
(1989). 

Graves, William H., ed. Computing Across the Curricu- 
lum: Academic Perspectives (1 989). 

Ringle, Martin, ed. Computing Strategies in Liberal Arts 
Co//eges(1993). 

Also available from EDUCOM: 

Boettcher, Judith V., ed. 101 Success Stories of Informa- 
tion Technology in Higher Education: The Joe Wyatt 
Challenge (1993). 

For more information: EUIT Program, EDUCOM, 1112 
16th Street, NW, Washington, DC 20036; 202-872- 
4200; e-mail EUIT@BITNIC.EDUCOM.edu. 
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Digital Equipment Corporation is one of the world's largest suppliers of high- 
quality networked computer systems, software, and services. 

Digital, a pioneer in the development of network technology, is a recognized 
leader in developing international standards and in integrating systems into 
open,multivendor environments. Digital's integrated approach to multivendor 
systems — called Network Application Support (NAS)— is a comprehensive 
implementation of open standards. These standards enable users to integrate, 
port, and distribute applications easily across an open network of assorted 
computer systems including Digital's mainframes, UNIX® workstations, per- 
sonal computers, Apple Macintosh® systems, Intel SCO™ systems, IBM™ 
mainframes, Cray® supercomputers, and massively parallel systems. 

With NAS and other open Digital solutions, administrators, faculty, students, 
and researchers across an academic campus can communicate and share — 
regardless of the computer systems they employ. 

Digital and its business partners deliver the power to use the best, integrated 
solutions— from desktop to data center— in open information environments. 



Solutions for The Digital style of computing is ideally suited to address the information 
Education technology requirements of all educational institutions. The company's family 
of computers, from notebooks to mainframes, offers the broadest range of 
compatible systems in the computer industry. Digital's DECsystem™ and 
DECstation™ family of high-speed RISC (Reduced InstructionSetComputing) 
systems offers the broadest range of performance in the open systems market. 
Digital is committed to providing both UNIX and OpenVMS™ systems, 
software, and services. 

Digital's solutions meet the specific needs of campus computing in every key 
area—administration, office systems, library automation, instruction, and 
research. From the planning, design, and implementation of campus-wide 
networks to delivering client-server applications which link intelligent desk- 
tops to data centers, Digital can do it all. 

Digital recently opened a new era of computing with the introduction of Alpha 
AXP™, the world's first and fastest 64-bit RISC computer chip. An entire family 
of Alpha AXP computers which run OSF/1, OpenVMS, and Windows NT™ 
software has been introduced and are already being used at ed acational 
institutions as powerful engines which enable new dimensions in educational 
computing to be reached. 
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A commitment to provide education with the most technologically advanced 
tools possible has been central to Digital's philosophy since the company was 
founded. That commitment was re-emphasized with the introduction of The 
Education Initiative (TED, a comprehensive set of programs to make Digital's 
computer technology more accessible and affordable to education profession- 
als. 

Advances in campus networking and computing technology have resulted 
from Digital's many research partnerships with pioneering educational institu- 
tions. World-class advanced research and application development is being 
performed in top universities, colleges, and community colleges worldwide 
under Digital sponsorship. 

By forming collaborative relationships with these labs, Digital gains insight into 
advanced technologies which are needed by education. Many of these research 
projects result in prototypes for future products and services offered to the 
education community, and provide opportunity for outstanding graduate 
students who have worked on joint projects with Digital. 

For example, Digital's eight-year partnership with the Massachusetts Institute 
of Technology and IBM, called Project Athena™, resulted in DECathena™,an 
efficient, cost-effective way to manage large numbers of intelligent desktop 
workstations in a network. 



Partnerships with 
Education 



Since joining the association in 1981, Digital has participated in the CAUSE conference 
annually through presentations, sponsorships, and exhibits. The CAUSE office administra- 
tive computing system is supported by a MicroVAX, with a PATHWORKS-based LAN. 



CONTACT: 

Donna Donovan 

Digital Equipment Corporation 

Education Business Unit 

Four Results Way 

Marlboro, Massachusetts 01752 

508-467-2146 

Internet address: 

DDONOVAN@MR4DECENET.DECCOM 



in lote 1 992 Digital introduced the first worksta- 
tions and servers using its Alpha AXP advanced 
64-bit architecture. More than 1,000 systems 
were sold to educational customers worldwide 
within the first few months. 



5 "ft- 

y m. f 



48/ Reencineerinc Teaching and Learning 



Resource List 



ASSOCIATIONS AND OTHER ORGANIZATIONS 

AGENCY FOR INSTRUCTIONAL TECHNOLOGY is a non-profit 
US-Canadian organization which develops video, videodisk, soft- 
ware, and print materials for schools in association with state, 
provincial, and local education agencies. For information: AIT, Box 
A, Bloomington, IN 47402-0120; 800-457-4509. 

ANNENBERG/CPB PROJECT has accumulated a great store of 
experience and contacts involving the application of computing, 
video, and telecommunications to the improvement of education. 
For example, its program ''New Pathways to a Degree: Using 
Technologies to Open the College" has helped to pioneer rethink- 
ing of degree programs. For information: Stephen C. Ehrmann, The 
CPB/Annenberg Project, 901 E Street, NW, Washington, DC 20004- 
2037; 202-879-9643; e-mail sehrmann@linknet.com. 

ASSOCIATION FOR THE ADVANCEMENT OF COMPUTING IN 
EDUCATION isan international educational organization offering 
publications and conferences for researchers, professors, develop- 
ers, administrators, and individuals with an interest in IT in educa- 
tion. For information: AACE, PO Box 2966, Charlottesville, VA 
22902; 804-973-3987. 

ASSOCIATION FOR EDUCATIONAL COMMUNICATIONS AND 
TECHNOLOGY is dedicated to the integration of technology into 
education, providing assistance to educators with the changes and 
challenges that face them today from films to overheads to interac- 
tive video and hypermedia. For information: AECT, 1 02 5 Vermont 
Avenue, NW, Suite 820, Washington, DC 20005; 202-347-7834. 

BESTNET (Binational English and Spanish Telecommunications 
Network) was created in 1985 by Dr. Beryl Bellman of California 
State University as a way to explore computer conferencing as an 
educational tool in the Southwestern United States and Mexico. 
Grants from Digital Equipment Corporation have enabled the 
exploration of conferencing as a tool in a wide range of disciplines. 
For information: Dr. Armando Arias, Dean, College of Arts and 
Sciences, Campus Box 1 1 7, Texas A&M University-Kingsville, TX 
78363; 51 2-595-2761 ; aarias@bestsd.sdsu.edu. 

COALITION FOR NETWORKED INFORMATION, formed by the 
Association for Research Libraries, CAUSE, and EDUCOM, pro- 
motes the creation of and access to information resources in 
networked environments. A CNl working group focuses on teach- 
ing and learning issues. For information: CNl, 21 Dupont Circle, 
Washington, DC 20036; 202-296-5098; e-mail joan@cni.org. 

EDUCOM, a nonprofit consortium of colleges and universities 
headquartered in Washington, DC, sponsorsthe Educational Uses 
of Information Technology (EUIT) program (see details, p. 45). 

INSTITUTE FOR ACADEMIC TECHNOLOGY, a partnership be- 
tween IBM and the University of North Carolina, Chapel Hill, is a 
peer-to-peer resource for educators in discovering and sharing 
innovative ways to use computer technology to enhance learning. 
The IAT offers technology seminars, hands-on computer work- 
shops, satellite broadcasts, and technology reports. For informa- 
tion: 91 9-560-S031 ; e-mail infoJAT@mhs.unc.edu. 



INTERNATIONAL UNIVERSITY CONSORTIUM, a membership 
organization of universities on four continents, has developed 
media-based distance education materials for use by its member 
institutions and helps them prepare for the use of a variety of 
technologies in distance education. For information: John Strain, 
International University Consortium, University Boulevard at Adelphi 
Road, College Park, MD 20742; 301 -985-781 1 . 

LEAGUE FOR INNOVATION IN THE COMMUNITY COLLEGE, a 
nonprofit educational consortium of resourceful community col- 
leges, annually hosts a conference on the application of computer 
technology to improve teaching and learning in community col- 
leges. For information: League for Innovation, 26522 La Alameda, 
Suite 370, Mission Viejo, CA 9269 1 ; 71 4-367-2884. 

LEARNING TECHNOLOGIES PROGRAM, sponsored by Cornell 
University and Apple Computer, Inc., has developed a series of 
workshops to help faculty integrate information technologies into 
the curriculum, and is currently disseminating methods and mate- 
rials through a "train the trainer" program to help others offer the 
LTP curriculum. For information: LearningTechnologies Program, 
CIT-220 CCC-Garden Avenue, Cornell University, Ithaca, NY 
1 4853-2601 ; 607-255-3329; e-mail LTP@cornell.edu. 

SUNY CENTER FOR LEARNING AND TECHNOLOGY provides 
consulting services in distance learni ng program design, develop- 
ment, and administration and in faculty training and support for 
SUNY and other higher ed institutions. For information: Carol 
Twigg, SUNY Empire State College, One Union Avenue, Saratoga 
Springs, NY 1 2866; 51 8-587-21 00; e-mail ctwigg@nyescva.bitnet. 

WESTERN COOPERATIVE FOR EDUCATIONAL TELECOMMU- 
NICATIONS is a program of the Wester n Interstate Commission for 
Higher Education (WICHE), established to facilitate resource and 
information sharing in the use of telecommunications and other 
technologiesfor education. For information: Western Cooperative 
for Educational Telecommunications, PO Drawer P, Boulder, CO 
80301 -9752; 303-541 -0231 ; mcgill_m@cubldr.colorado.edu. 

NON-COMMERCIAL SOURCES OF ACADEMIC SOFTWARE 

CONDUIT, University of Iowa, Iowa City, IA 52242; 319-335- 
41 00; e-mail hirst@cs.uiowa.edu. 

ISAAC (Information System for Advanced Academic Computing), 
MS-FC06, University of Washington, Seattle, WA981 95; 206-543- 
5604; e-mail ISAAC@uwaee.engr.washington.edu. 

TASL, North Carolina State University, Raleigh, NC 27695-8202; 
91 9-737-2524; e-^ail risley@ncsuphys.bitnet. 

REFERENCE MATERIAL 

i Changing the Way We Teach and Learn: Interactive Multimedia, a 
video produced by the U niversity of Melbourne, Austral ia, demon- 
strates effective applications of information technology to teaching 
and learning. Available to CAUSE members from the CAUSE 
Exchange Library for the cost of reproduction and handling; phone 
303-449-4430; e-mail orders@CAUSE.colorado.edu. 
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# -| A Single System Image: An Information Systems Strategy 

by Robert C Heterick, In 
Strategic planning for information systems, with a description of compo- 
nents needed to purvey an institution's information resources as though 
they were delivered from a single, integrated system. Funded by Digital 
Equipment Corporation. 22 pages. 1988. $8 members, 576 non-members. 

#2 Information Technology— Can It All Fit? 

Proceedings of the Current Issues Forum at the 

1 988 CAUSE National Conference 
Three presentations from the Current Issues Forum at CAUSE88, where 
Paige Mulhollan, Wright State University President, advocated highly 
centralized management of information resources; Robert Scott, Vice 
President tor Finance at Harvard University, discussed factors that led to 
a decentralized approach at Harvard; and Thomas W. West. Assistant Vice 
Chancellor for Computing and Communications Resources at The Califor- 
nia State University System, explored alternative models. Funded by IBM 
Corporation. 17 pages. 1989. $8 members, 576 non-members. 

#3 An Information Technology Manager* s 
Guide to Campus Phone Operations 

by Cene T. Sherron 
A "primer" approach, outlining major issues in telecommunirations 
facing campuses today. The paper includes a description of the basic 
components of campus phone operations— switch options, financing 
considerations, management systems, telephones, wiring, and ISDN— 
and a brief consideration of some of the management issues of a telecom- 
munications organization. Funded by Northern Telecom. 26 pages. 1990. 
$$ members. SI 6 non-members. 

#4 The Chief Information Officer in Higher Education 

by lames I. Penrod, Michael C. Dolence, 

and ludith V, Douglas 
An overview of the chief information officer concept in higher education, 
including the results of a survey conducted by the authors in 1989. The 
authors provide an extensive literature review, including a discussion of 
industry surveys, and a bibliography of over 1 40 books and articles. Their 
survey results are included in the appendix. Funded by Deloitte & Touche. 
42 pages. 1990. S8 members, 576 non-members. 

#5 Information Security in Higher Education 

by Raymond Elliott, Michael Young, Vincent Coflins, 

David Frawley, andM. Lewis Temares 
Some of the key issues relating to information security on campus, based 
on in-depth interviews conducted by the authors at selected higher 
education institutions. Includes findings and observations about informa- 



tion security awareness, policies, administration, control, issues and 
concerns, as well as risk assessment a? id the role of auditors and consult- 
ants in information security design, review, and testing. Funded by 
Coopers & Lybrand. 26 pages. 1991 . $8 members, 576 non-members. 

#6 ®P en A ccess: A U 5er Information System 

by Bernard W. Cleason 
Design concepts and principles for a user information system providing 
open and easy access to information resources for administrators, faculty, 
and students, based on the author's experiences at Boston College. 
Addresses many of the organizational, managerial, social, and political 
forces and issues that are consequences of an open access strategy on 
campus. Funded by Apple Computer, Inc. 24 pages. 1 991 . S8 members, 
576 non-members. 

People and Process: Managing the Human Side of 
Information Technology Application 

by Ian A. Baltzer 
An examination of the management structures and approaches that can 
make the application of new technology successful. Focuses on research 
and writings of management and communication professionals on orga- 
nizational culture, managing change, end-user focus, attention to detail, 
and the importance of "fun." The author shares experiences of the 
Maricopa Community Colleges in these processes. Funded by Digital 
Equipment Corporation. 30 pages. 1 991 . 53 members, 5 7 6 non-members. 

jig Sustaining Excellence in the 21st Century: A Vision and 
Strategies for College and University Administration 

by Richard N. Katz and Richard P. West 
A discussion of a "network organization" vision which the authors see as 
a necessary response of colleges and universities to challenges of the 
1990s. Strategies set forth in this paper support an information-intensive 
modern higher education institution, requiring increasingly sophisticated 
leadership and an administrative infrastructure which is optimized for 
service, speed, quality, and productivity, Funded by the IBM Corporation. 
22 pages. 1992. S8 members, 5/6 non-members. 

#g Reengineering: A Process for 
Transforming Higher Education 

by lames I Penrod and Michael C. Dolence 
An overview of the principles and processes of reengineering (transforma- 
tion) to move higher education enterprises into the new information/ 
service economy. Includes a review of philosophies already widely used 
in business, applications in higher education, and implications of 
reengineering for information technology units. Funded by Coopers & 
Lybrand. 32 pages. 1992. $8 members, 576 non-members. 
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CAUSE is a nonprofit professional association dedicated to enhancing the 
administration and delivery of higher education through effective manage- 
ment and useofinformationtechnology, andtohelping individual member 
representatives develop as professionals in the field of information technol- 
ogy management in higher education. Incorporated in 1 971 , CAUSE serves 
its membership of over 1 ,050 campuses and nearly 2,900 individuals from 
its headquarters at 4840 Pearl East Circle, Suite 302E, Boulder, Colorado 
80301 . For information phone 303-449-4430 or send electronic mail to 
info@CAUSE.colorado.edu. 

CAUSE is an Equal Opportunity Employer and is dedicated to a policy that 
fosters mutual respect and equality for all persons. The association will take 
affirmative action to ensure that it does not discriminate on the basis of age, 
color, religion, creed, disability, marital status, veteran status, national 
origin, race, or sex, and encourages members and other participants in 
CAUSE-related activities to respect this policy. 
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